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THE MOVEMENT OF THE LINE OF NODES IN 
SPECTROSCOPIC BINARIES AND VARI- 
ABLES, AND ITS CONSEQUENCES 
By G. SHAJN 


ABSTRACT 


Regression of the line of nodes due to oblateness of figure-—In the early part of the 
paper the mathematical analysis is given to show that one secular effect of oblateness 
in the primary is always a regression of the line of nodes of a satellite upon the equa- 
torial plane of the primary. 

A pplication of results to spectroscopic binaries——It is shown that for reasonable 
values of the oblateness the rate of regression may be quite high. Tables are given, 
one showing the maximum range of variation of the angle of the plane of the orbit to 
the line of sight, and the other the maximum ratio of velocities. The stars R Canis 
Majoris and 8 Cephei are discussed by way of illustration. 

A pplication to variable stars —The effect of regression on the luminosity curve is 
discussed and the suggestion is made that the rate of regression is related to the dis- 
tribution of density within the star. 


Theoretical investigations and observations have shown that 
the figures of close pairs of stars must have considerable ellipticity. 
Thus the movements of a satellite about a central body of non- 
spherical form must be perturbed. The law of squares of distances 
cannot be applied to the given system. 

The equations of motion are 


d?x; dQ 
dt? +f(mot+my) rs OX; ° (i=1, 2; 3) (1) 
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The potential of the central star is 


_ fmo 
Yr 


V +2. 


It is known from celestial mechanics’ that the potential of a spheroid 
is 


r iad r4 | 
where 

I,=sin? 6—} ; T,=?3 sint sin? 6+4 ; 


6 is the declination of the satellite with respect to the equator of the 
central star; and & and / are constants depending on ellipticity and 
on the distribution of density in the body. The expressions for 
k and / are rather complicated. In case of homogeneity of the 
star, we have for & and / 


where a and b represent the equatorial and the polar radii. 

We shall neglect the third term of (2) since it is small. Then, 
the perturbative function is 


r3 


Q (4—sin? 6) . (3) 
It is possible also to express 2 by means of the ellipticity (e) and 
the relation of the centrifugal force to the weight on the equator (c) 


Q=fm(e—4o) (4—sin? 5) . (4) 


Take the plane of the equator of the central body as fundamental 
and denote the inclination of the orbit to the plane of the equator 
by the letter y and the angular distance of the satellite in its orbit 
from the ascending node on the equator by w. 

Then 


sin 6=sin sin y, 
k 
Q=- (4—} sin? y+3 sin? y cos 2 u) , 
r 


* Tisserand, Mécanique Céleste, 2 and 4. 
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where 
k'=fm, a?(e—4o) . 


The perturbations will have periodic and secular terms. Retaining 
only the secular terms, we get 


kt 
sin? y) =—_—,, sin’ 7) . (5) 


For the perturbation of the line of nodes the method of the variation 
of constants give 


dQ _ I (6) 


dt mA?*sin y dy 
where A is the semi-axis of the orbit of the satellite and m is the 
mean motion. 


On forming 92/dy from equation (5) and substituting the 
values of k' and f, we obtain finally 


dQ (a\?/_ me I 


from which it follows that the secular motion of the line-of nodes is 
always one of regression. 

In this paper merely the consequences of the secular motion 
of the line of nodes in spectroscopic binaries and variables are 
treated. The problem of the motion of the line of apsides has 
been solved by Tisserand and its consequences are more or less 
clear. Our problem is analogous to the theory of the satellites of 
Jupiter, Saturn, or even better, Neptune. In general the yearly 
motion of the line of nodes will be quite high. For the fifth 
satellite of Jupiter the yearly motion is about 960°! For the 
fictitious system, a/A =5; period, two days; ¢€, about ;’; , the yearly 
motion d\/dt is about 160°. Even for a value of ¢ much less 
than ,';, the motion will be considerable. 

Let us consider now the consequences of the motion of the line 
of nodes in the systems of close pairs. If the plane of the orbit 
coincides with the equator, namely y=o, the motion of the nodes 
will not be noticed in the observations. If y>o, which must occur 
rather frequently, the effect will be considerable. 
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The pole of the orbit of the satellite will describe a circle of 
radius y. The plane of the orbit of the satellite will undergo a 
precessional motion. 

The line of nodes (the intersection of the plane of the orbit with 
the equator of the primary member of the system) and consequently 
the plane of the orbit will not maintain the same inclination to the 
line of sight, though the inclination of the orbit to the equator of the 
primary will be invariable. 

The inclination y may be considerable, as is evident from the 
tables of the satellites of the large planets. In the case of spectro- 
scopic binaries and variables the motion of the nodes will be of 
great importance, as the plane of the orbit varies in relation to the 
line of sight. ‘Take, as principal plane, a plane perpendicular to 
the line of sight. The method of variation of constants for the 
perturbations of the plane of the orbit in relation to the prin- 
cipal plane gives an equation analogous to equation (6). From 
that equation we may get the variation of the plane of the orbit. 
It can be easily seen also that y is a constant. It is easier still to 
get this variation from the equation: 


cos i=cos y cos J+sin y sin J cosQ , 


where J is the inclination of the equator of the primary star with 
respect to the plane, which is normal to the line of sight, and 7 is 
the inclination of the orbit of the satellite relative to the same plane. 

Then, 

sin 7 y sin ; 
dt dt 

The variation of the inclination will have different values according 
to the position of the line of nodes. Table I gives variations of 
the inclination in so far as they depend upon y, J, and &. 

According to this table the amplitude of the variation of the 
inclination may have a large value. The period of the variation 
depends upon the elements of the orbit, and amounts to some years 
if the ellipticity attains a considerable value. In case the latter is 
small, the period will be greater but the amplitude does not change. 

The ellipticity cannot be small, owing to the short time of revo- 
lution, and probably also of rotation, and the cosmogonic condi- 
tions in close pairs. 
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The effect of periodic fluctuations of the plane of the orbit 
must lead to discovery by the observations. The component along 
the line of sight depends upon the inclination of the orbit to the 
line of sight. A and B, and all velocities lying between, simul- 
taneously increase in the relation sin 7,/sinz,. It can easily be seen 
that the amplitude increases in the same degree. It is evident 
that notwithstanding the variation of velocities all of the elements 
of the orbit remain unchanged, except a sin 7 and the mass function 


TABLE I 
I 
go” 80° 70° 60° 50° 40° 30° 20° 10° 

go-go | 80- 80) 70- 60-60 | 50-50 | 40-40 | 30-30 20-20] 10-10 
See 85-95 | 75- 85} .65- 75] 55-65 | 45-55 | 35-45 | 25-35 | 15-25] 5-5 
10 80-100] 70- go} 60- 80] 50-70 | 40-60 | 30-50 | 20-40 10-30 o-20 
75-105] O5- 95] 55- 85} 45-75 | 35-65 | 25-55 | 15-45 5-35|— 5-25 
60-100] 50- go} 40-80 | 30-70 | 20-60} 10-50 O-40] — 10-30 
65-115] 55-105] 45- 95) 35-85 | 25-75 | 15-65 
60-120] 50-100] 40-100] 30-90 | 20-80 | 10-70 o-60 | — 10-50] — 20-40 


which depends on 7. The velocities will change to such a great 
extent that this can be seen in the observations. In Table II we 
have the maximum ratio of velocities for given values of y and J. 
Only in case y=o, will there be no effect. 

For illustration we have taken two stars with short periods of 
revolution, R Canis Majoris' and 8 Cephei. 

For the first, the curves were drawn for 1908, 1909, IgI0, IgII, 
and 1912, which show a decrease of the amplitude from 1908 to 1912. 
Then, the points of the observed velocities near minimum and 
maximum were reduced to the minimum and maximum by means 
of a table computed beforehand from the normal curve. In this 
table are given the variations of the velocities for the epoch just 
before and after the minimum or maximum at intervals of 020. 


tF, C. Jordan, Publications of the Allegheny Observatory, 3, No. 7. 
2A. Belopolsky, Bulletin de l’ Académie des Sciences de Russie, 1918. 
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This method has been applied to give a larger weight to the points 
of maximum and minimum. 

We give here the velocities and the amplitudes of the curve of 
R Canis Majoris for each year. 


TABLE II 


I 
¥ a 
90° 80° 70° 60° 50° 40 | 30° 20° | 10° 
0......) 1.00| 1.00| 1.00] 1.00| 1.00| 1.00] 1.00| 1.00] 1.00 
r.00| 1.03] 1.07] rrr] 1.16] 1.23] 1.36] 1.63] 2.07 
1.04 I.10 I.22 1.58 1.94 2.93 6.58 4.85 
1.06 % 15 $3 1.88 2.82 4 2.88 


TABLE III 
R Canis MAjoRIS—VARIATION OF THE AMPLITUDE 


Epoch A B Amplitude 
km km km 
88.7 (2) 14.6 (3) 74.1 
76.4 (5) 15.8 (3) 60.6 
68.9 (3) 16.3 (2) 52.6 
67.3 (3) 17.8 (3) 49.5 


The mean error of a normal place is 1.96 km. The diminution 
of the amplitude seems to be very probable. 

As to 6 Cephei, we do not find the same effect. ‘The compo- 
nents being close to each other, the probability of coincidence of 
the orbit of the satellite with the plane of the equator of the 
primary star is considerable. 

I may be allowed to refer to the paper by Guthnick and Prager," 
in which the system 8 Ursae Majoris is discussed. The observa- 
tions of 1908-1917 (good for their precision) show a decrease of the 
amplitude from 5.90 km to 1.24km. Guthnick suggests that, if 


Vero ffentlichungen der kgl. Sternwarte in Berlin Babelsberg, 2, Heft 3, 1918. 
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the decrease of the amplitude is confirmed, it has cosmogonic impor- 
tance. It is simpler to admit here that the effect is caused by the 
motion of the line of nodes. Later, the amplitude must increase. 

If J is nearly zero, the relation of velocities at different positions 
of the line of nodes is great, as can be seen from the table; but 
the difficulty of determining them increases, for at the same time 
the velocities are less. 

Attention should also be called to a paper by Henroteau, ‘‘The 
Orbit of 6 Canis Majoris,” which is known to me only from the 
abstract in the Astronomischen Jahresbericht for 1918. This star 
also shows a definite variation of the amplitude. 

We have examined only a few stars. Doubtless the effect of 
the variation of the amplitude will be found in a considerable 
number of close pairs. 

In variables, too, the effect caused by the motion of the line 
of nodes must be seen. Guthnick,’ who has taken this into con- 
sideration justly, notes that the duration of the eclipse and the 
range of brightness may undergo fluctuations. Really, the condi- 
tions of eclipse depend not only on the elements and the dimension 
of the system, but also on the position of the visible orbit relative 
to the line of sight. Depending on the fluctuations of the inclina- 
tion, the visual distance of the components will vary, and in one 
and the same phase the disk of the satellite will be projected in a 
different way on the disk of the central star. When 7=90°, the 
path of the satellite will be projected on the diameter; and when 
izgo°, on the chord. In one position of the line of nodes the 
satellite as a whole is projected on the disk of the chief star at one 
time, and may fall outside the disk at another. The range of 
brightness, as well as the duration of the eclipse, depends upon the 
visible distance of the stars 


D=A(1—) V I—Ccos* w Sint 
I+e cos (w—a) 


The angle, which defines the duration of the eclipse in the general 
case, is a rather complicate function. 

The curve of brightness varies from one epoch to another and 
in some cases the changes attain a considerable value. For each 


t Astronomische Nachrichten, 202, 137, 1916 
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separate case it is possible to discount the influence of the variation 
of inclination on the elements of the eclipse. Indeed, photometric 
observations have shown that the curve of brightness of some stars 
varies a little from one epoch to another. It remains finally to 
indicate that the star R Canis Majoris as a variable shows a certain 
variation of the curve of brightness." 

The effect caused by the motion of the line of nodes may serve 
for the explanation of the phenomena in close pairs. If, out of a 
large number of observations of spectroscopic binaries and variables, 
we define the amplitude and period of the variations of velocities, 
we shall obtain some notion concerning the inclination (7), which 
usually cannot be found from spectral observations. In general, 
the curve of the variation of velocities is a sine curve and from it 
one can form some idea about the inclination at different epochs. 

Taking the period into consideration, it is possible to form some 
idea of the inclination of the orbit of the satellite with respect to the 
equator (vy), and of the ellipticity by means of successive approxima- 
tions. If the ellipticity is known from photometric observations, 
we can decide upon (e—3¢), and this in its turn gives the possi- 
bility of getting an idea about the distribution of densities within 
the star. If it shall be found that in rather remote epochs the 
amplitude of velocities does not show a variation, the coincidence 
of the orbits of the satellites in a close system with the plane of the 
equator of the central star will be proved. This fact will be, 
undoubtedly, of great cosmogonic importance. Otherwise, the 
phenomenon is not so simple as it seems to be at first sight. Indeed, 
if the mass of the satellite is considerable (as is often the case in 
close pairs), the equator and also the orbit of the primary will 
have precessional motions. The inclination of the equator / 
will be variable. But in the first approximation everything men- 
tioned above remains unaltered. 

Spectroscopic binaries of short period offer problems of great 
interest to students of Celestial Mechanics. 

It is a pleasant duty to acknowledge my indebtedness to Pro- 
fessor A. Belopolsky for his interest in this paper. 


PULKOVO 
April 1922 


t Astrophysical Journal, 41 2091. 1915. 
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PHOTOGRAPHIC STUDIES OF NEBULAE 


THIRD PAPER! 
By JOHN CHARLES DUNCAN 


ABSTRACT 


Studies of the form and structure of nebulae from photographs made with the 1oo- 
inch and 60-inch reflectors and the 10-inch Cooke refractor in the years 1920-1922. 
Evidence of the existence of dark nebulosity is found in N.G.C. 1977, M 78, the Trifid 
nebula, the dark objects Barnard 72, 92, 93, and 133, and the America nebula. 
N.G.C. 4038-4039 is a bright spiral of unique form and with faint extensions of extraor- 
dinary appearance. Ima field in Coma Berenices the size of the full moon, the roo-inch 
telescope photographs no less than 319 small nebulae. The object N.G.C. 6822 is 
found to be a mixture of stars and small nebulae, resembling the Magellanic clouds. 
Halftone reproductions are given of photographs with the Hooker 1oo-inch telescope of 
N.G.C. 1977, N.G.C. 4038-4039, Barnard 72, the Trifid nebula, Barnard g2 and 93, 
Barnard 133, N.G.C. 6960, and two regions in the America nebula; and of a photo- 
graph with the 1o-inch Cooke lens of the region in Cygnus that includes the America 
nebula. 


During the past five summers, and the fall, winter, and spring of 
1920-1921, it has been my privilege to participate in the program 
of photographic observations with the instruments of the Mount 
Wilson Observatory. The greater part of my observing time was 
spent in duplicating, as well as possible, the excellent negatives made 
several years ago by Mr. Ritchey and Mr. Pease with the 60-inch 
reflector, and in photographing some of the same objects with the 
100-inch reflector. The purpose of this work was to furnish material 
for the study of internal motions of spiral nebulae, and several plates 
thus obtained have been used for this purpose by Mr. van Maanen 
with results which he has published.? In addition to this work, 
photographs of other interesting objects were made, as opportunity 
offered, with the purpose of studying their form and structure, a 
purpose to which the roo-inch Hooker telescope is particularly well 
adapted; and the present paper, like its two predecessors, gives 
account of some of these studies. 

Contributions from the Mount Wilson Observatory, No. 256. The first and second 
papers appeared as Contributions, Nos.177 and 209, respectively; Astrophysical Journal, 
51, 4, 1920; 53, 392, 1921. 

2 Mt. Wilson Contr., Nos. 213, 214, 242, 243; Astrophysical Journal, 54, 237, 347, 
1921; §6, 200, 208, 1922. 
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The reflectors were used at their full aperture, except in certain 
cases that are noted, when a diaphragm was placed in front of the 
mirror to improve the definition at the edge of the field. With the 
60-inch reflector, the size of plates used was 333} in.; with 
the 1oo-inch, either 5X7 or 8X10 in. In all cases, the plates 
were backed to prevent halation. 

In preparing the positives for Plates VI, VIII, X, XI, XII, XV, 
and XVI, the contrast was increased by repeated copying on slow 
plates; the other reproductions were made from direct positives. 

I gratefully acknowledge the benefit of Professor E. E. Barnard’s 
counsel in selecting dark celestial objects for study; suggestions and 
help from Mr. Ellerman in copying the plates for reproduction; 
and the efficient assistance at the telescope of Mr. Hoge and Mr. 
Klemann, night assistants at the 60-inch and 1oo-inch reflectors, 
respectively. 

The Nebula N.G.C. 1977 Orionis 


a=5%31™5, 5=—4°59' (1920) 

Negative A 125, Hooker telescope, 1921, January 6. Seed 30 plate, exposure 
30™. Aperture 84 inches. Very poor seeing, images large 
and round 

A 126, Hooker telescope, 1921, January 6. Seed 30 plate, expo- 
sure 4530™. Aperture 84 inches. Very poor seeing, images 
large and comate 

A 127, Hooker telescope, 1921, January 7. Seed 23 plate, exposure 
5'40™. Aperture 84 inches. Seeing fair, images round. 
Illustrated in Plate VI 


This magnificent mass of light surrounds the fifth-magnitude 
star c Orionis, the northernmost star of the Sword of Orion, and is 
connected with the great nebula around @ Orionis by faint nebu- 
losity. Excellent photographs of it have been published by 
Roberts,’ Keeler,? and others. The dark indentation in the south 
side is by no means wholly without luminosity, although it seems so 
on the halftone reproduction. The luminous streaks that appear 
within it on the original negative, and its bright border on the 
north are suggestive of the dark “bay,” Barnard 33, south of 

t Knowledge, 17, 62, 1894. 


2 Lick Observatory Publications, 8, Plate 12, 1908. 
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¢ Orionis.* The bright ring around the star west of the nebula is 
of course due to halation, the backing of the plate having been 
lacking at that point. 


The Nebulae N.G.C. 2064, 2067, 2068, 2071; M 78 Orionis 


a=542™6, 6=+0°1’ (1920) 
Negative A 133, 60-inch reflector, 1921, January 8. Seed 23 plate, exposure 
3520™. Images small and comate 


This is well described by Curtis? and illustrated by Keeler.2 The 
present plate shows faint extensions of 2071 which bring it up to 
about the size of 2068, and shows, more clearly than does the repro- 
duction of Keeler’s plate, the presence of dark markings in and 
around all four nebulae. N.G.C. 2064 and 2067 are connected by 
faint nebulosity and there is a faint patch 4’ southwest of 2064. 
A dark lake in the brightest part of 2068, with a tenth-magnitude 
star at its western edge, is very striking. The northern and north- 
eastern edges-of 2068 are sharply limited by an irregular line, appar- 
ently of absorbing material. A dark indentation on the western 
side of 2067 is reminiscent of those in M 16.4 Near the western edge 
of the plate the faint stars become numerous, as if those in other 
parts of the field were hidden by the nebula; and it seems likely that 
all these nebulae are bright outcroppings near the western edge of 
an obscuring mass that, as is shown on plates made with wide-field 
instruments, occupies a large area in the constellation of Orion, in- 
cluding the region of @ and c Orionis and that south of ¢. 


The Nebula N.G.C. 4038-4039 Crateris 
a=11557"8, 6=—18°26' (1920) 
Negative T-69-H, Cooke t1o-inch lens, 1920, April 10. Seed 30 plate, exposure 
1530™ (Hubble) 
A 156, Hooker telescope, 1921, March 7. Seed 30 plate, exposure 
3515™. Images large and round. Illustrated in Plate VII 
A 161, Hooker telescope, 1921, April 5. Seed 30 plate, exposure 
3°30™. Images large and round 


t Mt. Wilson Contr., No. 209, Plate V; Astrophysical Journal, 53, Plate XI, 1921. 
2 Lick Observatory Publications, 13, 23, 1918. 

3 Ibid., 8, Plate 14, 1908. 

4 Mt. Wilson Contr., No. 177, Plate IV; Astrophysical Journal, 51, Plate III, 1920 
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Listed in the N.G.C. as two objects with the same right ascension 
but differing 1’ in declination, this is really a single nebula of extraor- 
dinary form. Its interesting appearance was noted on the Franklin- 
Adams chart, and later on a negative made with the 1ro-inch Cooke 
lens, by Mr. Hubble, who suggested it to me for study with the 
1oo-inch telescope. A description of this nebula, and of 
N.G.C. 4027 which lies near it, has recently been published by 
Perrine’ from observations with the Cérdoba 75-cm reflector. He 
describes each nebula (4038-4039 and 4027) as ‘‘a hook extending 
out from a ring,” and this description is well confirmed by Mr. 
Hubble’s small-scale plate, which is of excellent definition and 
shows both nebulae. 

The Hooker plates of 4038-4039 bring out additional features 
of much interest. The ring is incomplete, being open where it 
joins the hook, which bends backward at the end, forming an § 
with its lower (southern) end incomplete. Both hook and ring 
are crowded with bright, starlike condensations similar to those 
seen in most bright spiral nebulae. This description, however, 
applies only to the brightest part of the nebula, which is surrounded 
by a fainter portion, of smooth, amorphous appearance, that seems 
to form a double bag around the ring and hook. Most remarkable 
of all, two faint extensions, like antennae, seem to cross at the 
eastern end of the bag, one reaching northward and the other 
southward, and both concave toward the west. The northern 
antenna may be traced to a distance of 6’, and the southern one to 
a distance of 12’ from the point where they intersect, these distances 
being measured along chords of the curves.” It will be of interest 
to learn what type of internal motion, if any, may be observed in 
this nebula from future photographs. 


* Monthly Notices R.A.S., 82, 487 ff., 1922. 

2 Since this description was written, I have seen some excellent plates of the 
nebula made by Lampland with the 40-inch Lowell reflector in 1917, which show the 
faint extensions clearly. 
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Region of Many Small Nebulae in Coma Berenices 


a=12"55™7, §6=+28°25’ (1920) 
Negative A 171, Hooker telescope, 1921, May 7. Seed 30 plate, exposure 
t515™. Images slightly elongated 
A 172, Hooker telescope, 1921, May 8. Seed 30 plate, exposure 4 hours. 
Images slightly comate 
A 176, Hooker telescope, 1921, June 5. Seed 30 plate, exposure 1 hour. 
Images slightly comate 
A 178, Hooker telescope, 1921, June 6. Seed 30 plate, exposure 1 hour. 
Images slightly comate 


The remarkable character of this region, which is very near the 
north galactic pole, has been pointed out by Curtis,t who counted 
more than 300 small nebulae in an area 50’X40’. They are dis- 
tributed densely over the field covered by an 8 X 10-inch plate at the 
principal focus of the Hooker telescope, with perhaps some tendency 


TABLE I 
No. a (1920) 6 (1920) Remarks 
12554™5 + 28° 41’ Spindle, 40” long, with dark band making 
angle of 60° with axis 
ascites I2 55.2 +28 18 Spindle, 55” long, with dark band making 
angle of 60° with axis 
Be dcgirete aa 12 55.7 +28 25 Globular, 30” or more in diameter 
Masala 12 55.8 +28 10 Spindle, 45” long 
12 50.2 +28 26 Elliptical, soft nebulosity, X30” 
ease rerse 12 56.3 +28 39 Spindle, 1’ long, bright nucleus, faint 
wings 
a pakonasn 12 56.5 +28 31 Spindle, 20” long, with dark band making 
angle of 60° with axis 
B... 56.7 +28 34 Fine, two-arm spiral, 30 X 40” 
“TE 56.8 +28 16 Spiral, 30” X35” 
ke eae 2 57.2 +28 21 Spiral seen in plan, r’ diameter, bright 
nucleus 


to congregate along a northwest-southeast diagonal. On the 4-hour 
plate (A 172), in a circle of 30’ diameter—a little smaller than the 
full moon—centered on the position given above, I counted 319 
nebulae, 115 stars, and 206 objects of doubtful character. Most of 
the nebulae are of the type designated by Hubble as “globular” — 
circular or elliptical in outline, with bright centers and ill-defined 
edges. There are also many of a spindle shape, lying in various 
position angles, and a few that are distinctly spiral. 


t Lick Observatory Publications, 13, 33, 1918. 
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Among the particularly interesting nebulae on the plates are 
those listed in Table I. The positions were derived by measuring 
on the negative with a millimeter scale from the globular nebula at 
the center. This is probably N.G.C. 4872, but it is not possible to 
identify it with certainty. 

The dark bands of Nos. 1, 2, and 7 may possibly be spaces 
between two nebulae imperfectly seen; but if so, it is a coincidence 
that three pairs are thus similarly aligned. 


The Dark Nebula Barnard 72 Ophiuchi 


a=17519"0, 6= — 23°39’ (1920) 
Negative A 177, Hooker telescope, 1921, June 5. Seed 30 plate, exposure 
3 hours. Poor seeing, images large and elongated 
A 189, Hooker telescope, 1921, July 4. Seed 30 plate, exposure 2545™. 
Seeing fair, images fairly small and round. [Illustrated in 
Plate VIII 
This S-shaped dark marking is well known from Barnard’s 
photographs made with the Willard and Bruce lenses. It is situ- 
ated 1°5 north and 20’ east of 6 Ophiuchi, in a region of the Milky 
Way liberally sprinkled with faint stars. The illustration, in which 
the contrast of the original plate has been considerably increased, 
shows well the outline of the main dark body and also the two 
smaller objects, Barnard 68 and 69, near the lower left corner of the 
plate; but it fails to bring out a faintly luminous background that 
appears on the originals and seems to be due to multitudes of very 
faint stars rather than to nebulosity. An additional feature, 
evident on the original negatives, but barely suggested in the repro- 
duction, is a bifurcation of the eastern part of the S, of which the 
fainter branch lies on the northern side. 


The Trifid Nebula N.G.C. 6514, M 20 Sagittarii 


a=17557m™2, §=—23°2’ (1920) 

Negative A 175, 60-inch telescope, 1921, June 4. Aperture 54 inches. Seed 23 
plate, exposure 4"10™. Seeing rather poor, images round but 
large 

A 183, Hooker telescope, 1921, June 30. Seed 23 plate, exposure 25™ 
A 184, Hooker telescope, 1921, June 30. Seed 23 plate, exposure 2530”. 
Seeing fair, images elongated. Illustrated in Plate IX 
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PLATE IX 


North 


Negative A 184 
rue Nesuta, N.G.C. 6514= M20 SAGITTARI 
Photographed with the 1oo-inch Hooker telescope, 1921, June 30. Exposure, 2"30™ 
Scale: 1 mm=11"5 (1.37 times that of original negative) 
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PLATE X 


North 


THE DarK NEBULAE BARNARD 92 AND 93 SAGITTARII 


Photographed with the 1o0-inch Hooker telescope, 1922, June 24. Exposure, 4 hours 
Scale: 1 mm = 2073 (0.78 that of original negative) 


Negative A 207 
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PLATE XI 


North 


Negative A 207 
THE Dark NEBULA BARNARD 92 SAGITTARIL 


Photographed with the 1oo-inch Hooker telescope, 1922, June 24. Exposure, 4 hours 
Scale: 1 mm=8"7 (1.82 times that of original negative) 
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One of the most beautiful of the nebulae, which has been drawn 
and photographed many times. Only about half the luminous 
area is “‘trifid,’ but the same general character—well-defined, 
dark areas superposed upon bright nebulosity—prevails throughout 
the whole, and in the neighboring bright nebula M 8 as well. The 
dark lanes can best be explained by obscuration, but the obscuring 
material may well be dark extensions of the bright nebulosity. An 
interesting feature is the bright line of light, sharply convex north- 
ward, that lies near the southern edge of the brightest part and is 
continued on the east by a dark lane, concave northward, that ends 
in an irregular dark spot. This curved line of light is duplicated 
by a fainter one, 2’ farther south. The whole nebula is isolated 
from the thickly starred region about it by a border several minutes 
wide in which there are comparatively few faint stars, an effect 
shown most distinctly near the bottom of the engraving. 


The Dark Nebulae Barnard 92 and 93 Sagittarii 


Barnard 92; a=18511™1, 6=—18°15’ (1920) 
Negative A 179, Hooker telescope, 1921, June 6. Seed 30 plate, exposure 2"10™. 
Dull mirror, poor seeing, images large and comate 
A 207, Hooker telescope, 1922, June 24. Aperture 84 inches. Seed 60 
plate, exposure 4 hours. Seeing good, images small and round. 
Illustrated in Plates X and XI 


These objects have been well described by Barnard’ from visual 
observations with the Yerkes 4o-inch refractor and from his photo- 
graphs with the Willard and Bruce lenses. The Hooker telescope, 
by its greater scale, light-gathering power, and resolving power, 
brings out many additional details. 

The objects lie in one of the densest star clouds of the Milky 
Way. The entire field covered by an 8 X1o-inch plate (54’ 68’), 
except the parts occupied by the dark objects, is filled with faintly 
luminous nebulosity’ studded with myriads of faint stars. Number 
g2 extends about 16’ north and south and 9’ east and west. Near 


t Lick Observatory Publications, 11, Plates 51, 54, 55, 57, 1913; Astrophysical 
Journal, 38, 496 and Plates XIX, XX, 1913. 


2 The presence of this film of nebulosity was first pointed out to me by Professor 
Barnard, on his Bruce plates. 
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its center is a twelfth-magnitude star whose position was measured 
carefully by Barnard in 1913.' The eastern border is very sharply 
defined, especially southeast of the central star where the surround- 
ing nebulosity is pretty bright; while on the east side the luminous 
nebulosity and stars encroach upon the dark spot, and the border 
is difficult to locate. The nebulosity is here seen in the form of 
curved filaments that recall the Merope nebula. This is distinctly 
seen in the original, although not well shown in the engraving. 
Three minutes of arc northeast of the central star, in the darkest 
part of the dark nebula, is a patch of faintly luminous nebulosity 
about 1/5 in diameter. At the northern end of the main dark body 
are two small ones, about 2'5 in diameter, separated from it and 
from each other by bridges of faintly shining nebulosity; and on 
the southeast is a patch, about 4’ long, which, although darker than 
its surroundings, contains a faint film of nebulosity and numerous 
stars. 

Eastward from Barnard g2 extend irregular, semi-lucent lanes 
which, on Barnard’s wide-field plates, are seen to bend to the south- 
west and may be traced to a distance of more than a degree, while 
their two principal branches are continued by rows of bright stars 
nearly 3° long. 

In the faint nebulous background, 24’ west and 8’ north of the 
central star in Barnard g2, is an isolated semi-vacant spot, about 
1/5 long, which is the more sharply defined at its eastern border. 

Barnard 93 consists of a head, shaped like a broad arrowhead, 
3’ long, in position angle 40°, and 1’ wide, situated 21’ east and 11’ 
north of the central star of Barnard 92; and a tail that extends 13’ 
in a direction a little west of south. The head seems entirely light- 
less except for a close pair of stars near its base, but the tail contains 
a number of faint stars, and is bifurcated by a strip of faintly shining 
nebulosity. 

On the halftone plates appear numerous small, sharp, dark 
defects, which are in the original negative and are examples of a 
fault to which the Seed 60 plates, otherwise excellent, seem espe- 
cially prone. 


t Loc. cit. 
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The Dark Nebula Barnard 133 Aquilae 


a=19"1™9, 6=—6°58’ (1920) 
Negative A 188, Hooker telescope, 1921, July 3. Seed 30 plate, exposure 
4 hours. Poor seeing, images round but rather large. Illus- 
trated in Plate XII 


This tadpole-shaped object is some 16’ long, with the head or 
southern end sharply defined, and the tail losing itself among the 
stars on the north. It is concave on the eastern side, where the 
dark area is encroached upon by faint stars. The southern end 
must be quite opaque, as in an oval area about 9’ long and 4’ wide 
not a single star appears on the plate. No luminous nebulosity 
can be seen on the plate, and the background on which the dark 
body is projected seems to consist entirely of stars. The form of the 
object is well shown, though of course on a smaller scale, in a 
reproduction of a Bruce photograph by Barnard." 


The Object N.G.C. 6822 Sagittarii 


a=19%40™4, 6=—14°58’ (1920) 
Negative A 190, Hooker telescope, 1921, July 4. Seed 30 plate, exposure 50™. 
Images large 

A 191, Hooker telescope, 1921, July 5. Seed 30 plate, exposure 

3"50™. Images elongated 
This object, which was discovered by Barnard, is described in 
the N.G.C. as “very faint, large, elongated, diffuse.” Its study was 
suggested to me by Mr. Hubble, who had noted in it, from his 
observations with the Cooke 1o-inch lens, a resemblance to the 
Magellanic clouds. On my plates the main portion appears to 
consist of a cloud of faint stars 10’ long in a north and south direc- 
tion and 3’ wide. A less dense extension of about the same width 
and also consisting of stars can be traced 5’ farther south. At the 
north end is a V-shaped nebula, 25”’ long, like a double-tailed comet 
with its apex in a star and the opening of the V directed westward. 
Several faint stars or starlike condensations are located in the arms 
of the V. At distances of 3’ on the east and 4/5 ina direction a little 
north of west from this small nebula are two others of similar size 
and texture. Around the brightest star of each of the two last- 


t Astrophysical Journal, 49, Plate IV}, 1919. 
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named nebulae is a faint circular ring about 20” in diameter. The 
eastern one of the three small nebulae is of a V-shape with the 
opening directed southwestward; the western one is elongated in a 
northwest-southeast direction. The object has been photographed 
with the 75-cm Cordoba reflector by Perrine,’ who also notes its 
resemblance to the Magellanic clouds. 


The Nebula N.G.C. 6960 Cygni 
a=20'43™4, 6=+30°26'(1920) 
Negative A 203, Hooker telescope, 1921, August 3. Aperture 84 inches. 
Seed 30 plate, exposure 7 hours. Images small and slightly 
elongated north and south. Illustrated in Plate XIII 


One of the beautiful filamentous nebulae in Cygnus, which 
extends more than a degree in a direction approximately north and 
south. The fourth-magnitude star 52 Cygni is just west of the 
middle. No description is needed for an object so well known as 
this, but attention may be called to the faint outlying filaments 
west of the bright star and on both sides of the main nebula near the 
south end. The nebula is a frontier between a region of many 
faint stars on the east and fewer on the west. 


The North America Nebula N.G.C. 7000 Cygni 
a=20555™, d6=+44°5 (1920) 
Negative A 224, Cooke ro-inch lens, 1922, August 18. Seed 60 plate, expo- 
sure 45™ 
A 225, Cooke 1o-inch lens, 1922, August 18. Seed 60 plate, expo- 
sure 4 hours 
A 228, Cooke 10-inch lens, 1922, August 19. Seed 60 plate, expo- 
sure 5"45™. Illustrated in Plate XIV 


Situated in the Milky Way about 3° east of a Cygni, this great 
nebula lies among dense clouds that are composed of faint stars 
with perhaps a very faint background of nebulosity. On the east 
and west the nebula is bounded by dark regions that meet just south 
of ““Panama,”’ presumably obscuring the whole of “‘South America,” 
since that continent does not appear. West and south of the main 
bright nebula are faint nebulous wisps of great extent, well shown in 
the engraving. A group of stars in the form of a single-arm spiral, 


* Monthly Notices R.A.S., 82, 489, 1922. 
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PLATE XIII 


Negative A 203 
THE NEBULA N.G.C. 6960 CYGNI, WITH METEOR TRAIL 
Photographed with the 1oo-inch Hooker telescope, 1921, August 3. Exposure, 7 hours 
Scale: 1 mm= 2179 (0.72 that of original negative). The line on the right is the meteor trail 
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PLATE XIV 
North 


Negative A 228 
THE Nortu AMERICA NEBULA, N.G C. 7000 CYGNI 


Photographed with the 1o-inch Cooke lens, 1922, August 19. Exposure, 5545™ 
Scale: 1 mm=3’ (same as original negative) 


. 
. 


woe 
Moke 
= 
Ne 


PLATE XV 


North 


Negative A 21 


SoutH END or THE NorRTH AMERICA NEBULA 


Photographed with the 1oo-inch Hooker telescope, 1922, July 26. Exposure, 5 hours 
Scale: 1 mm= 2179 (0.72 that of original negative) 
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PLATE XVI 
North 


Negative A 231 
DarK AREAS AT NoRTH END OF THE NORTH AMERICA NEBULA 
Photographed with the 100-inch Hooker telescope, 1922, August 22. Exposure, 4 hours 
Scale: 1 mm=18"6 (0.85 that of original negative) 
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which may be found 68 mm from the bottom of the engraving and 
50 mm from the right edge, is a conspicuous feature of the original 
negative. The photograph is reproduced here mainly to show the 
location of the regions photographed with the Hooker telescope 
and reproduced in Plates XV and XVI. 


The South End of the North America Nebula 


a=20%55™, 6=+43°10’ (1920) 
Negative A 217, Hooker telescope, 1922, July 26. Aperture 84 inches. Seed 


60 plate, exposure 5 hours. Images slightly elongated. 
Illustrated in Plate XV 


The region shown on the negative is represented on Plate XIV 
by an area of about 18 X22 mm, with its center 56 mm from the left 
edge of the engraving and 49 mm from the bottom. Two defects 
appear in Plate XV: one a white, vertical line 3 mm long, 49 mm 
from the left edge and 28 mm from the top; and the other a dark, 
horizontal mark 2mm long, 48 mm from the left and 40 mm from 
the bottom. 

The plate is filled with a bewildering amount of detail, both 
bright and dark. The brightest part of the nebula is the irregular 
line or ridge that passes from the northeast corner of the plate to 
the middle of the south side. The brightness falls off rapidly on 
the east side of this ridge and slowly on the west. The area 
near the middle of the north side is also quite bright, but its 
brightness is exaggerated in the reproduction. The central part 
of the plate, a region some 15’ in diameter in the middle of the 
“Gulf of Mexico,” seems to be entirely devoid of luminous 
nebulosity, while the star density within it is certainly less than a 
tenth that in the bright nebulosity east of the ridge. The border 
between the gulf and the continent is not sharp, and both the star 
density and the brightness of the nebulosity increase gradually 
eastward from the gulf. The main nebulosity at the southeast 
side of the gulf is in the form of nearly parallel streaks, which are 
broken by irregular transverse dark markings. Apparently asso- 
ciated with these streaks is the great arch of semi-obscuring matter, 
over a half-degree long, that is a conspicuous object just at the left 
of the middle of Plate XV. 


z 
2 
4 
; 
i 
a 
ee: 


148 JOHN CHARLES DUNCAN 


Other noteworthy features are the dark area, about 3’ X11’, 
just east of the bright ridge in the upper half of the plate; the small, 
dark spot northeast of the bright star in the northwest corner; and 
the intricately curved and branched dark marking 3 cm from the 
bottom and 5 cm from the right edge of Plate XV. The appearance 
of an obscuring body in this last marking is especially convincing. 


Two Dark Areas near Northern End of North America Nebula 


a=20%57™5, 5=+45°25’ (1920) 
Negative A 231, Hooker telescope, 1922, August 22. Aperture 84 inches. 
Seed 60 plate, exposure 4 hours. Images small and round. 
Illustrated in Plate XVI 


The region shown on this negative is represented on Plate XIV 
by an area about 16X20mm with its center 53 mm from the top 
and 52 mm from the right edge. 

The luminous nebulosity in this region is of nearly uniform 
brightness and considerably fainter than in the southern end of the 
nebula. It is interrupted by two dark areas. The more northerly 
of the two is some 8’ wide, well defined by an irregular border at 
its southeastern edge and losing itself imperceptibly in the shining 
nebulosity and star fields toward the northwest. It is probably 
nowhere without faintly luminous nebulosity, although there are 
considerable areas at the southern end where there are no stars. 

The more southerly of the two dark areas is about 13’ long in a 
north and south direction, and 5’ wide. It is not wholly dark, and 
shows faint curving streaks like those in Barnard g2 and 93. 

Mount WItson OBSERVATORY AND 


WHITIN OBSERVATORY 
Autumn 1922 


CORRECTIONS TO MT. WILSON CONTR., NO. 209: 


Plate V: for 1 mm=14'0, read 1 mm=17"7 
Plate VI: for 1 mm=1278, read 1 mm=19'6 
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THE RADIAL VELOCITIES OF 1013 STARS" 
By WALTER S. ADAMS anp ALFRED H. JOY 


ABSTRACT 

Radial velocities of 1013 stars—These stars, almost wholly of spectral types F to 
M, have been observed with a one-prism spectrograph on the 60-inch and roo-inch 
reflectors at Mount Wilson. The Rowland wave-lengths of the principal lines used in 
the measurements are given. The probable errors of the mean radial velocities have 
been computed and vary from o.2 to over 3 km, with an average of about 1.35. For 
types F to M comparison with measurements from the Lick Observatory for 109 
stars shows an average difference of 1.7 km and a systematic difference of —o.12 km, 
while for 83 stars measured at the Dominion Observatory the average difference is 
2.4 km and the systematic difference, Mt.W—D.A.O.+0.8 km. In the case of 16 
B and A stars, the systematic difference from other observers is +1.6 km. The 
magnitudes, spectral types, and proper motions, as far as known, are also given in 
the tables. 

The catalogue of radial velocities, which forms the principal 
portion of this communication, includes many of the results obtained 
in this line of work at the Mount Wilson Observatory during the 
past few years. It is made up almost wholly of stars with spectra 
of types F, G, K, and M which have been observed not only for 
radial velocity but for determinations of absolute magnitude and 
spectroscopic parallax. As a result, the material is far from homo- 
geneous as regards spectral type, proper motion, or apparent magni- 
tude, but contains rather a selection of stars with great differences 
in absolute magnitude which are of especial interest in investigations 
of space-velocities and the relationship of velocity to absolute magni- 
tude and mass. ‘The results have already been used to some extent 
in such investigations by Strémberg, Seares, and Adams and Joy. 

The spectrograms used for measurement have all been obtained 
at the Cassegrain focus of the 60-inch and the 1oo-inch reflectors, 
the larger instrument having been employed almost wholly for 
stars fainter than the eighth visual magnitude, and for a small 
number of stars south of — 30° declination. The form of mounting 
of the 60-inch reflector prevents the observation of stars south of 
this limit. For most of the spectra, single-prism spectrographs with 
prisms of 64° angle and cameras of 18 inches (45 cm) focal length 
have been used. The linear dispersion of these instruments is 


t Contributions from the Mount Wilson Observatory, No. 258. 
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36 A per millimeter at Hy. ‘The camera lenses are of the Cooke 
Astrographic type and give satisfactory definition from \ 4100 to 
Hg. In the case of stars of advanced types of spectrum, measure- 
ments have usually been limited to the region between \ 4200 and 
4600. A camera of 7.2 inches (18 cm) focal length has been used 
for a few stars which are very faint photographically, but the num- 
ber of such stars included in the catalogue is very small. 

The spectrograms in all cases have been measured directly on 
small comparators, and the wave-lengths used for reduction pur- 
poses are those of Rowland’s Table of Solar Spectrum Wave- 
Lengths. At the present time a sufficient number of wave-lengths 
based upon the international system is available, especially for the 
lines of the iron arc which we have used as a comparison spectrum, 
to make a change to this system highly desirable. Accordingly, 
within recent months we have completed such a revision, but the 
results contained in the present catalogue are all based on the earlier 
values of Rowland. Asa rule, from ro to 15 stellar lines have been 
measured on each spectrogram, and so far as possible, the attempt 
has been made to avoid blended lines. The lines most commonly 
employed are the following: 


Fe 4202.198 ‘ Sc, Ti, Fe 4314.820 
Fe 4236.112 H 4340.634 
Fe 4250 Fe 4383.720 
Cr 4254. 505 Fe 4404.927 
Fe 4260. 580 Fe 4415. 293 
Fe 4271 Fe 4427.482 
Cr 4274.958 Fe, Mn 4461.930 
Fe, Ca 4282.800 Cr, Co, Fe 4531. 220 
Fe 42094. 301 Mg, Ti 4571.716 
Fe 4308.081 H 4861.527 


The stellar line at \ 4250 has been referred directly to the blended 
iron-comparison line, and the stellar line at \ 4271 has been used 
with a wave-length 0.1 A longer than the corresponding comparison 
line. In the course of the revision of our wave-lengths to conform 
to the international system, slight changes have been introduced 
into the relative wave-lengths of some of these lines, and the modi- 
fied values will be adopted in the future. 

The spectrograms in the great majority of cases have been 
measured by two or more observers, but when only a single measure 
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is available the value has been assigned half-weight in the formation 
of the mean. Since the results for most of the stars in the list 
depend upon but three or four spectrograms, the formula of Peters 
has been used to derive the probable error of the mean. In the case 
of a small number of observations, this formula probably gives a 
more adequate measure of the precision of the results than the 
more common expression, which involves the squares of the 
residuals. ‘The equation as used is 


P.E.= +0.845 
nV 


in which d is the residual from the mean taken regardless of sign, 
and » the number of spectrograms. In cases where unequal 
weights are used, the results have been treated in the usual way 
through multiplication by the square roots of the weights. It is 
hardly necessary to state that in measurements made upon spec- 
trograms of such low dispersion the fractional part of the kilo- 
meter has little significance, either in the mean or in its probable 
error. 

The observations of the absolute magnitudes of stars, carried 
on as a part of our spectroscopic work, have resulted in the accumu- 
lation of spectrograms of most of the brighter stars of types F to M. 
From among these a sufficient number have been measured and 
included in the catalogue to make it possible to compare a consider- 
able number of our values with those published by the Lick Observa- 
tory. Similarly, numerous stars have been observed in common 
with the Dominion Astrophysical Observatory. The results of 
this comparison for stars of types F or later are given in the accom- 
panying summary. ‘The differences are taken in the order, Mount 
Wilson minus Lick Observatory, and Mount Wilson minus Domin- 
ion Astrophysical Observatory. 


DIFFERENCES 


SYSTEMATIC AVERAGE 
Oneeavarony DIFFERENCE DIFFERENCE 
No. Positive Negative 
km km 


109 51 58 —0.12 +1.69 
83 53 30 +0.77 + 2.40 
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In this comparison two stars are omitted from the Lick Observa- 
tory list. ‘These are the extreme southern star C2757 with a residual 
of +10 km, and Barnard’s star of Jarge proper motion with a residual 
of +21km. The last-named star was observed at both observa- 
tories with spectrographs of very low dispersion, and a consider- 
able discordance is not surprising. In the case of the southern 
star, it seems probable that the difference is due to errors arising 
from the great zenith distances at which it is observed at Mount 
Wilson. The most probable sources of error are atmospheric dis- 
persion which, because of the great focal length of 135 feet, affects 
the distribution of light at the slit, and flexure of the 1oo-inch 
telescope, which may influence the illumination of the collimating 
lens. In the few cases of stars of extreme southern declination 
which have been measured for radial velocity, there has appeared to 
be a tendency for the spectrograms obtained with the r1oo-inch 
telescope to give too large positive velocities, but the effect is not 
always present. 

The comparison with the results obtained at the Dominion 
Astrophysical Observatory shows a fairly definite systematic differ- 
ence of about +o0.8km. The effect appears to be largest in the 
case of stars of the M-type of spectrum, and it is possible that at 
least a portion of it may be due to the difference in the method of 
measurement, the Victoria observers having used the spectro- 
comparator for this purpose. In view of the low dispersion 
employed at both observatories, however, the discordance does 
not appear to be excessive, except in the case of a few individual 
stars. 

The number of B- and A-type stars in the catalogue is small, and 
only a few comparisons can be made with the results of other 
observers. For a total of sixteen stars with velocities measured at 
several different observatories, the mean difference, Mount Wilson 
minus others, is +1.6km. The stars Boss 892, Boss 3518, and 
BG.C. 12274 show differences of +11.6, —10, and +10.5 km, 
respectively. 

In the table of results, the stars are listed according to their 
numbers in the Catalogue of Boss, unless an abbreviation appears. 
In the latter case, C is used to indicate Cincinnati Publication, 
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TABLE I 
RADIAL VELOCITIES OF 1013 STARS 


OTHER DETERMINATIONS 

STAR a 1900 5 1900 m Sp. “u No v P.E. 

Auth. 
km km km 
3 Br..| o® 170/+57°53’ |6.4| G4 3 |— 11. 
3 Ft..| o 1.01+57 53 |7.5| G7 |o. 266] 3 |— 15.9] 2.6)....... 
12....| © 3.8/+58 36 |2.4| F2 jo.559| 3 |+ 11.2) 2.1/+ 12.8) L 

© 4.0/+64 31 Ko Jo.30 |] 3 |+ 8.2! 1.4]....... 

39... © 32 15.11 F2 3 0.2)]....... 

Lal. IO © 5.4)/+32 34 |7.2| Ks jo.052] 3 |— 13.2] 0.2]....... 

B.D.+66°7 © 5.4/+66 35 G8 lo.138] 3 |+ 19.3] 0.8]....... 
33 © 9.6|—19 29 |4.7| Ma |o.068] 4 |— 21.2| 1.2/— 22.1] L 

BG.C. ‘104 st-sitss ss 17.97) 6.8) 

62. © 17.2|+12 56 16.4] K2 jo.063| 3 |+ 3.8] 1.7]....... 

6s... 17.7\—12 46 16.41 G2 jo.396] 3 |— + 7-3] 

Lal. 442.. o 18.4|+44 32 |7.7| G6}..... 90.8) 

Lal. 510 © 20.3/+33 34 |8.3] Ko jo.o1g] 3 |— 35-2} 2.3].------ 

Lal. 584.. © 22.31+33 29 |8.0| Ko jo.075] 3 1.5] 

84.. © 23.0/+15 54 |6.5| Ks |o.018] 4 |— 1.5] 0.6)....... 

49.. © 23.21+ 9 30 [6.01 F3 jo. 222] 3 10.5] 1.3]-...... 
86.. 24.5|+76 28 16.4] Ko |o.335| 3 |+ 19.5] 0.3].------ 
89. © 24.8|+29 12 |5.3| F2 3 |— 9.6] 1.0/— 11.2] V 
96. 26.2!/+52 17 |5.7| Ko 3 |— 48.3] 0.5]....... 
106. © 27.5|+27 44 |6.4| G6 jo.o14| 3 
121 © 31.3/+43 56 |5.4] K2 jo.035] 4 |— 31.3] 1.3].....-- 
128 © 32.417 2 35 16.61 Ks lo. 2221 4 4-6] 
134 34. 7|+20 53 |5.6| Kir |o.047| 3 |— 16.1) 0.7/— 18.1) V 

87 © 35.5\— 24 22 16.2} Ge io. § 53-4) 
137. © 35.6/— 4 54 |6.1| G8 jo.023] 4 |+ 35.0] 1.7]......: 

BGC. 374Br..| 37.21+ 3 37 |7.8| F7 {..... 7.8) 
H.D. 4042....| 0 37.8|\+70 17 |6.9| G7 |0.035| 3 |— 1.3]...-.-- 
154 © 40 |s5.5| Az lo.0271 7 |— 7-0) 
160 © 41.2|—23 4 |5.6] G7 jo. 189] 4 |— 14.2] 1.9)....... 
161. 41.3/+14 56 |5.6] Mb |o.064] 5 |— 27.7] 1.2]....... 
166. . © 42.3\+50 54 |6.8] A2 |o.006] 3 4.7] 1.8]....... 
168 Br..| 0 43.0/\+57 17 |3.7| F8 |1.242] 3 |+ 0.5/4 10.0) L,B 
168 Ft..| 43.0/+57 17 17.4] Ks |1.242| 4 |+ 13.4] 2.3]...-... 
170....| © 43-1|+ 6 45 |6.1] Go jo. 106] 3 |— 0.2] 2.0)....... 

C 106....] 44.5/—23 46 |7.2| G7 lo.517] 3 I+ 5-5] 1.O]....... 
178'....| © 44.5|+27 10 16.3) Fo jo.o92] 4 |+ 4.5] 1.2]....... 
178?....| © 44.5|+27 10 |6.3| Fo jo.0o92] 3 |+ 6.3] 0.7]....... 
193....| 0 49.1/+58 26 |5.0} K2 |o.053| 3 |— 22.3| 0.8|— 22.4] L 
197....| © 49.6/+23 5 |5.6| Ko jo.142] 3 |+ 2.0] 1.5]....... 
a33....1 © 50.717 § 7 16.2] Ka jo.03T] 3 [— 14.5] 
142....| I 0.4/+63 24 |8.7 ice 
243....| I 1.3|+12 25 |6.2| G7 3 8.0) 1.6)....... 

C 2 2.21+22 26 18.6 5 |o.525| 3 

C 7-8 F5 jo.038 3 
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TABLE I—Continued 
| | OTHER DETERMINATIONS 
STAR a 1900 5 1900 m | Sp. “ No P.E 
Auth. 
| km km km 

C 290 rh (6.6) F7 3 |— 9.5/#0.4]....... 
206....| I 5.21— 9g 26 |6.6| Ko |o.039] 4 |— 19.09] 0.9}....... 
274....| I 6.8/-+44 48 16.6] Ma |o.042] 4 |+ 22.0] 1.1]....... 
285 Ft..| 1 9.4|— 8 28 8} is9 4 2.5]....... 
286....] 1 9.5|+ 6 28 Ko 6 |— 8.1] 2.2]....... 
I 31 15-8} F4 jo.221/ 7 |+ 25.0) 1.6)....... 

BG.C. 690 Br..}| 1 13.5;/— 23 |8.1| Kr |o.480 

C 167....] 1 14.0/— 9 27 |8.9] Gr jo.528) 3 |— 4.9] 

C 174....] 1 15.8/+30 49 |8.8| K2 jo.50 | 3 |+ 20.7 

C 185....] 1 19.5/+17 59 |9.1| K2 jo.606] 5 |+ 9.0} 
318....] 20.9]/+18 39 5-3] Fo jo.041] 3 |— 7.2} 1.8/— 9.3) V 
332 I 24.9/+ 5 38 5-1} Ks jo. 292] 3 |+ 37.5] 1.4)+ 35.4] V 
333. I 25.2}167 54 |7.0| K3 jo.122] 3 |— 14.2] 0.Q]....... 

C 204 27. 31+68 26 6.7} G3 0.402) 4 |— 30.8) 1.3)....... 

H.D. 9454 I 27.8\+71 54 Fo 88.01 
340. I 13 |6.2| G8 3 |— 40.9] 0.6/— -6) V 
350 I 30.9/140 54 F8 3 |— 27-9} 27.3 
C 226 1 32.7\+29 4 Kr |0.482| 3 |— 2.4) 
C 238....] 1 36.8)+63 20 |8.2] K5 |o.70 | 5 |— 50.0] 2.9). 
381 Br..| 1 36.8!—11 49 |6.1] F2 |o.410) $|— 10.0] 2.0)....... 

C 240 24 17.4! Go |0.543] 3 |— 5.5] o.5]....... 
391 I 39.4/—16 28 |3.6] G7 |1.922] 3 |— 15.0] 0.4/— 16.0] L,C 
392....] I 39.5|+19 35 |6.2| G3 Jo.111| 3 |— 44.0] 1.3]....... 
405....| I 43.0) +32 11 [5.8] F7 Jo.354| 3 |— 20.8] 

H.D. 11635....| 1 49.1/+33 15 |8.7| G7 |..... 6.5) 
B.D.+32°356....| 52.3/+32 28 |8.8] F8]..... 
441 Ft..| 1 52.4|+23 Go Jo.122} 8.5] 1.8).. 
Lal. 3619....] 1 53.1/+33 51 7-0) Gg |0.033] 3 40. 5| 
450....1 © $4.07 2 37 5-5} Go |0.330] 3 |— 17.5] 1.5]....... 
H.D. 12350....| 1 56.0/+70 43 |7.6| Fr |o.039! 3 |— 9. 
Lal. 3705....| 1 56 8i+54 13 |7.7| Fo 0.026] 
468 Br..| 1 57.8)+41 51 |2.3| K2 |o.070) 3 |— 9.1| 0.6|/— 10.9] L, B 
O77 2 1.5) +22 |2.21 Ke 239 5 |— 4.3] 9 
H.D. 12953....| 2. 1.71+57 57 |5.9 Az |... 6 |— 41.1 
4.1|+73 33 |6.2| G6 |o.071] 3 |— 
H.D. 13267....! 2 4.6/+57 11 |6.4| B8]..... 96,9) 
H.D. 13561....| 2 7.3/+56 2 |9.0} 3 44.5] 2.6) 
C 286....| 2 7.5|+67 13 {7.8} K2 |o.603] 3 |— 13.2] 0.5/....... 
BG.C, 1144....| 2 7.0/-+47 Fr 3 8.4) 2.7)....... 
7.7\— 2 §2 15.7] Fo |o.374] 3 |— 
H.D. 13716....| 2 8.6/-+57 18 |8.5| B3 

468....1 2 0. 21+64 30 18.4 G2 

C 289....] 9.5/— 1 40 F8 |1.034] © |-+ 18.7] 1.7]. 

H.D. 13841....| 2 9.8/-+56 34 |7.2| B2 5 40. 
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TABLE I—Continued 
| | | | OTHER DETERMINATIONS 
STAR a1g00 | 1900 | ™ | Sp. | u | No. v P.E 
| Auth. 
| km km km 
507....| 2 B2 6 |— 
2 ls. 8| F5 lo 3 |+ 23.5| 1.7|\+ 26.0] V 
H.D. 13866....| 2 10.0}+56 15 |7.7) B2 | 2 48.8) 
2 9\+57 26 |6.1) K2 jo-073] 
@ 6S 2| G4 |0.007) i= £6.23) 
Lal. 4181....| 2 11.4|/+42 8 |7.9| Fu lo.022| 3 |— 44.1] 
518 2 12.0/— 6 53 [5-7] G8 jo.141] 3 |+ 7-1] 1.4]------- 
519 2 12 o|+56 40 7) Bg jo.013| 4 |— 43-1| 2.3]------- 
8G.C. 1188 Br..| 2 12.2)+56 42 |8.0) 4 i= 46.6) 
523 2 = lo.527| 3 |+ 22.0] 
C 298 2 14.0\+70 43 |8.5| K2 lo.62 | 3 |— 25.2) 1.7|.------ 
2 14.5|—26 25 |6.4 G7 |0.505) 3 
C 360. 2 14.5|+68 18 |7.4 Ko |o.13 | 4 |+ 12.0] 2.0)....--. 
533- 2 14.9, +56 47 |6.5| Al 5 |— 46.4; 0.6/— 48.3] V 
| 
534- 2 23 A2 |0.005| 3 |— 14.8] 0.7].-.---- 
535----| 2 15-9|+50 56 Bg |0.009| 3 51.4] 
Lal. 4358....| 2 16.4|122 25 16.6} G2 |.. | 3 |+ 22.2, 0.9). 
H.D. 14662....| 2 16.9/+54 55 |6.5| Fop|.----| 7 |— 20-5] 
Lal. 2 17.9| +33 24 |7.0) K3 |0.056| 3 |— 1.8) 2.3] 
= 
544....| 2 18.2/+56 9 (6. 2| B2 jo.012| 5 
H.D. 14899....| 2 19.2/+50 47 |7-4 Bo 
550.. 2 22.11+ 9 45 F's (0.355) 4 
C 329....| 2 27.7\+42 21 G4 3 i+ 15.2} 0.4].. 
577 | 2 28.5/+72 2 5-3 G4 0.4] 0.4]....--- 
582 2 29.7\+34 15 [5-0] Ma 3|— 6.6] 1.4). 
583 2 290.8i+ 7 2 |6.2| Gog jo.107| 3 |— 24.6] 0.8]....... 
591 | 2 31.2)+12 1 F4 0.297] 3 
592 2 31.2\+24 13 |7.4| F5 jo.152) 4 |+ 
340 2 32.6/+30 24 Go |0.625} 4 |— 99.3) 1.2]....--- 
| 
612 7 15-7 ro lo.250] 3 |+ 7.3] 
017 | 2 37.4\+48 48 |4. 2| F6 0.351) 5 23.9) 0.8/+ 20.0 L, 8 
622 Ft 2 38.1\+ 2 49 |6.2| F3 |o.210) 3 13.9) 
8G.C. 1427Br.| 2 41.8)+18 57 |7.4) Gr (0.170) 4 I+ 4.0} 1.6)....... 
639.....| 2 43.4\+55 29 |3-9| K4 3 0.5} 1.6] L 
| | 
C 364....| 2 44.9)145 34 |9-2 G4 lo.63 | 3 |+ 16.0 
BG.C. 1490 Br..| 2 49.7|+20 25 |7-5| Kr 3 33-2] 
661....| 2 50.8)+17 37 |5-6| jo.349) © 14. 1| 
667....| 2 52.4;/+20 10 He F4 222) 3 i+ 27.0) 0.7/4 27.4) V 
669....| 2 52.8)+79 I 15-7] Ma 0.039) 3 33-9] 40.0 V 
| | | | 
672....| 2 53 ol +46 49 |5.6| G3 [0.035] 3 i+ 8.0 
686....| 2 56.0\+26 4 |5.9| Ag 0.014, 3 |— 8.1] 
699....| 2 58.9/+063 40 Ao 10.006) 5 2.2) 
710....| 3 1-8/+49 14 |4-2 Gr |1. 269) 3 |+ 49-9) 1.5\+ 49.6, L, B 
3 25 5| Ko jo-042 3 |+ 43.8)*1.1) 
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TABLE I—Continued 
| OrHEeR DETERMINATIONS 
STAR a 1900 5 1900 m Sp, “ No.| P.E 
Auth. 
km km km 
722 38 7™7|— 1°34’ |5.1] Fo 3 |+ 17.3]1.1/:...... 
BG.C. 162 3 8.9/+ 23 |8.1| Fo 3 |+ 23.3] 1.1]. 
749 3 13.3/— 1 18 |5.6| Go Jo.252] 8 |-+ 28.3] o.g]....... 
756 3 14.5|+25 18 |6. K3 |o.095| 3 |-+ 26.4] 2.0]...... 
758. 3 14.8/+48 43 |6.2] F6 |o. 209] 3 |+ 23.5) 1.6/+ 24.0] V 
764. 3 15.9/—43 27 |4.3| Gs [3.168] 3 |+ 88.3] 1.4/4 87.4] L,C 
765. 3 16.0/+64 14 {5.6} K2 jo.org] 3 |— 20.5] 0.7]....... 
770. 3 17-0] +20 23 |5.2) K4 Jo.o50} 3 |+ 5.9) 0.7/4 1.3] 

3 20.1/— 5 42 |8.1| K5 jo.816) 3 |— 11.3] 
807. 3 26.31+35 7 15.8) B5 jo.orz| 5 |+ 24.9] 2.6]....... 
814. 3 28.2|— 9 48 [3.8] Kr [0.972] 3 |+ 16.0) 0.8/+ 15.6] L,C 
468. 3 28.4/+17 30 16.4) G6 jo.331] 3 |-+ 11.8} 1.4]....... 

Lal. 6590. 3 29.6/-+18 34 17.9] Mb jo.or2} 3 |— 8.0 
825. 3 31-81+ 0 |4.4] Fo Jo.536) 4 |+ 26.2) 0.2/+ 28.6] L, B 
829. 3 33-8/+16 13 |6.3) G6 |o.058} 3 |+ 14.6) 0.7)....... 
831....| 3 34-1l— 57 |6.0| Ko Jo. 204] 4 |+ 40.2] 0.2/..... 

C 404 -| 3 36.9]/+42 18 |7.4] Go Jo.417| 3 |-+ 31.2] I.ol....... 
843....] 3 38.0l+19 21 G5 |o.137| 3 |+ 74.9] 1.0/+ 79.8] V 
848....] 3 38.5|—10 6 Go jo.749} 3 |— 7.5) 5.4] L 
852 3 38.9/+23 48 13.8} B7 Jo.053] 3 |-+ 10.5} 3.21+ 14.6] Y 
856.. 3 39-31+24 9 |4.4| B7 3 |+ 3.6] 2.114+ 3 | Y 
860....] 3 39-9/+24 3 14.0] Bo |o.054) 3 |+ 9.4) 1.1/+ 6.4] D 
862 Br..| 3 40.2/+41 9 |8.6| Ko |1.372] 3 |+ 50.1] 1.8]....... 

H.D. 23654 3 41.7|+23 18 |8.3 K1 0.089] 4 |— 31.9] 2.0]....... 

§13. 3.44-4/+ 1 4 |8.6| Kr jo.67 | 4 15.9] 2.4]....... 

> «518. 3 46.2/-+22 23 |7.8] G5 jo.388) 3 |+ 8.4) o.4]....... 
889. 3 46.4/+48 21 |5.9) Ko |0.058) 4 /+ 8.5] 0.9 
521. 3 46.4/+00 53 |7.8) Ko |0.479] 3 |+ 48.4] 2.0]....... 
892. 3 47-4|+17 2 |6.0| 4 |+ 37.60 1.0/+ 26 | B 
895. 3 48.4/+75 53 |8.3| K6 |o.646] 3 |+ 20.6) 2.2]....... 
897. . 3 48.6/+60 49 |5.3] K4 |o.016 
gor Br 49.3/— 3 15 15.0} G4 Jo.034) 3 28.6) 0.6/4 27 I 

Lal. 7255....| 3 51.8/+38 33 |0.4| Ko]..... 94,8) 
Lal. 7356....] 3 53.2) + 1 10 |7.9| Kr Jo.008} 3 |+ 35.1) 0.7]....... 
H.D. 25056....} 3 53.8/+53 35 |7-4| Gop]..... 
Lal. 7286....| 3 54.5|/+58 40 |8.0] B4 |o.026) 3 |— 25.4) 1.7]....... 
540....] 3 55-Ol+-74 54 |7-3] F8 jo.345| 3 35.2] 
927...-.| 3 56.5|+35 2 |8.6] Ko |2.200) 3 |— 29.5] 0.8]....... 
BG.C. 2007 Br..| 3 57.4/+39 14 |7.4| G4 jo.201] 3 |+ 23.9] 1.6]....... 
937----| 3 58.9/+ 2 33 [5.4] F7 |o.190|) 3 |— 19.2] 0.6/— 18.8] V 
O30.....1 9 46 (6.0) Gt fo. 224] 3 25.91 1.31....... 
945 Br..| 4 0.9/+37 49 |7.1| Ko |o. 289] 3 |-+ 27.0} 1.8]....... 
H.D. 25878....| 4 0.9/+53 6 |7.1| Gapj..... 4 16.4] 1.3]....... 
949...-| 4 1.6/+37 28 |6.2) Ki |o.214] 3 |— 39.7] 0.8]....... 
950....| 4 47 |5.6| F7 jo. 260) 3 |+ 25.6)#0.5]....... 
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TABLE I—Continued 
DETERMINATIONS 
- STAR a 1900 5 1900 m | SP. pw |No. v P.E. 
Auth. 
km km km 
951 4> 2™31+17° 4’ |6.1| Ks jo%024] 3 |— 30.1/0.3]....... 
952 4 3.-3\+19 21 Ki jo.114] 3 |-+ 31.1] 21.6] B 
955..- 4 4.7/+26 13 |5.6) Fr |o.046) 3 18.1] 0.9]/+ 19.6} L 
g61.. 4 5 16 15.7] Fr jo.143] 4 |+ 34.5] 1-0]....... 

C  s6o.. 4 8.6/+22 6 A8 Jo.54 | 4 |+338.2] 2.7]....... 

BG.C. 2093. 4 9.6/+31 27 17.4] Fo]..... 26.0) 

984. 4 10.7/— 7 49 |4.5| Kr |4.085] 4 |— 42.0} 41.6 

B,G.C. 2134 Br..| 4 14.2|/-+16 17 |7.1| F7 7 |+ 36.3] o.9]....... 

4 17.2/+17 18 |3.9| Gog jo.115} 3 |+ 41.0} 0.8/+ 37.8) L,C 
1021 4 18.11+33 44 |5.8| F3 |o.093] 3 |— 35.4] 1.0]....... 
1023....| 4 15.417 9 14 15.1] Ag 3 |— 4.8) 

H.D. 27848....| 4 18.6|+16 51 |7.8] F5 3 |+ 42.7] 0.6]....... 

H.D. 27859. ...| 4 18.7}+16 40 |8.0} Go |o.135] 3 |+ 43.5] 0.7]....... 
1025....| 4 19.1/+18 49 |6.0} A6 Jo.123] 4 |+ 36.1] 0.4]....... 

BG.C. 2187 Br..| 4 20.0/+18 39 |7.7| G4.]..... 48.0) 

585....| 4 20.1/+46 38 |6.7| G4 3 38.1] 0.8]....... 
H.D. 28099. ...| 4 20.9]/+16 31 {8.0] G5 |..... 3 40.3) 1%.81....... 
H.D. 28205. ...| 4 22 |8.0; Go]..... 3 I+ 40.0] 0.5]....... 

1055....| 4 24.9/+15 28 {5.5} Fo |o.110] 4 |+ 36.1] 1.4/+ 38.4] V 

H.D. 28568....| 4 25.1/+15 55 F2]..... 46.01 

H.D. 28805. ...| 4 27.3/+15 36 |8.5| G7 |..... 3 i+ 

H.D. 29103. ...| 4 29.8/+19 46 |7.2} F8 |o.033] 3 |+ 11.5] 0.5]....... 

594...-] 4 29.8/+52 42 |8.5] jo.53 | 6 |+ 36.7] 1.6)....... 
1086....] 4 32.4/+15 50 {5.8} A5 |o.094] 4 |+ 40.7] 2.51+ 35.6) V 

H.D. 29400....| 4 32.7/+66 33 |8.9| G4 |o.375] 3 51.5] 1.0}]....... 

H.D. 29581....| 4 34.4/+30 7 |8.1] F6]..... sit 8.9) 
1098....] 4 34.7/—14 33 |5.6| Ko 4 |+ 56.6) 2.5]....... 
1106....] 4 36.2/-+22 45 |7.8} Ao jo.047] 3 |-+ 14.5] 1.6]....... 
1120....] 4 40.4/+18 33 |6.1) K3 jo.og1] 3 |+ 38.8] 0.8]....... 
43-31-17 7 15.0) Ge fo. 4 26.3] 
1149....] 4 46.9/+14 5 |5.2| Ma jo.o59) 3 |— 5.7) 1-21+ V 
1150....| 4 46.9/+55 6 |5.6} Ao 4/— 0.7] I.0O}....... 
1154....| 4 48.2/+ 2 21 |5.7| Ma |o.034] 3 13.1] 0.4]....... 
1164....| 4 49.6/+74 7 K3 jo.050] 3 51.3] 1.4]....... 
1167....| 4 50.5|+33 © |2.9] K3 |o.028} 3 |+ 17.7] 1.1/+ 18.5] L, Y,B 
1168....]| 4 50.6/—16 54 |5.8} G8 Jo.oo1] 3 |+ 10.3] 0.5]....... 

C 634....| 4 §1.31434 7 (8.0; Go | 3 i+ 40.8) 
II75....| 4 51-7|/ +23 48 |6.0} Ko 3 |-+ 4.4] 0.7]....... 
1179....| 4 41 [6.31 F7 |o.355] 3 16.9] 1.31....... 
1184....] 4 54.0} +15 46 |6.7| F6 jo. 104] 3 |+ 43.6] 1.0]....... 
1196....] 4 57-5|+58 53 |6.4| G5 |o.039] 3 |— 7.5] 0.7]......- 

C 654....| § 0.0|+64 48 |6.4) F2 3 |-+ 4.1] 1.1]....... 
1212....] 1.5|+138 31 |5.0] Go jo.540] 3 19.8] 0.7]....... 
§ 9 21 16.3] Go 3 22.6] 
1222....| § 3-3|+406 50 |5.6| F3 jo.170] 4 |+ 36.3}#1.3]....... 
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| OTHER DETERMINATIONS 


Auth. 


98.6 


L, B 


L 


L, B 


= q 
158 
|_| | iii 
STAR | a 1900 | 5 1900 | m Sp. |No.| v P.E. — 
|} km | km km 
1256....| port o7049| 3 |— 37-5|#0.8)....... 
$ 2 ~ 
4 I 14.8) Ml jo.843| 3 |+ 64.8) 0.7/+ 65.4] 
. | | 
13 2 6.2| 3 46.9] 0.6)....... 
14 11 {8.6} K5 (0.722) 3 I+ 85.7 6) 
12090...-- 1g 54 |4.2 GO |0.042) 3 |— 17.9 17.8, L 
| | | 
4 BG.C. 2745 Br.. 35 4 25.9 
3 34 |8.6 3 |— 57-7| I-3]------- 
a 1324....| 9 O.5 Go |0. 255) 3 30.2) T.2|....... 
4|\— 3 42 |8.8) Ma |2.222) 7 J+ 11-4) 
13 9 14 |4.4| G7 i+ 99.2) 
Lal. 105 3\+42 37 K4 (0.035) \+ 17.8 
3|+74 34 |7-3| G4 |o.240) |+ 24.5) 
5} +50 32 |6.2| Ko 0.037) |- 28.4 
a ELD: 39037... - 31 |7.7| Ko jo.033} \+ 6.3) 
| | 
x | | | 
38.2|\+49 47 A2 lo.009 12.1| 
H.D. 38130. ... 38.4|+42 49 12.1 
0.3|—22 27 |6.4 5 |o.461 
lz of Ko |o.036 15.7| 1.5|\+ 19.4| V 
BGS. 3047... 50.3) +13 55 6.9) G5 (0.629 — 1.6) 1.2)....... 
1498.... 56.1|+42 55 |6.1| Go jo.18! 38.1) 2.0)....... 
C  756....| 57-3/+19 23 9-0} Fg |0.93 —190.8 2.6| 
59.2/—20 17 K2 |o. 104 +178.9} | 
| | 
32 10 B4 123} 99. | 2.3})+102 | 
H.D. 48497.... 31 F5 jo.004 | 
| | | 
H.D. 42474....| 6 5.8!+23 14 |7.4| Map}..... 26.9) 
§9 6.3) Ma |0.027 22.0) 
1504....| 6 g.o/+19 11 5-2| F6 jo. 224 35-5} 0.6/-+ 33.6) V 
_ 1505....| 6 +29 32 |4.4) GS lo. 274 20.5) 0.7/+ 20.3 
& 6 45 |8.6| Gg | 34-7] 
10.5|— o 28 |g.7| FO jo. 262 36.1) 
1570....| 6 10.8|+46 24 |@.5| Ki jo. 133 0.5| 0.8)....... 
1577.---| 6 10.8)/+12 18 |p. 212| 7-2| B 
C 8o1....| 6 22.0/+36 33 Gr 
1653....| 6 4 56 G8 jo.027 21.5] %.0)....... 
1605....| 6 28.6/+61 34 G8 jo. 341 45-9| 
BGC, 3474.-->| 6 30.2 27 22 -O} Go 001) 28.9) 
_ 1087...-| 6 31-7) +39 29 K3 0.119) 33-3] 0.8]....... 
BG.C. 3499C...| 6 32-0. +12 14 Fi |.....| 
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TABLE I—Continued 


OTHER DETERMINATIONS 

STAR a 1900 6 1900 m Sp. m No v P.E. 

v Auth. 
km km km 

C 82r....| 653571/+24° 3’ |8.0] K6 |o734 | 3 |— 

BG.C, 3562 Br..| 6 37.3|+40 44 |6.9| Mb jo.171| 3 |+ 41.0] 
1724....| 6 39.5|+43 41 Fo Jo.158) 3 |— 24.0] 0.8]------- 

C 834....| 6 47.4/-— 5 3 |6.8 5 j0.582} 6 |— 
1783...-| 49.5|—11 55 |4.2| Kq Jo.138] 3 |+ 99.4] 97-7) L,C 

C 837....| 6 49.5|+40 13 |8.3) Ks5 |o.43 | 5 |+ 49.9] 1.0]------- 

H.D. 51349...-| 6 51.9/+69 21 |7.5| Ma Jo.005| 4 |+ 13.6] 1.o]------- 
1801....| 6 53.7|+87 12 |5.3| Ma jo.o51] 3 |— 23.6] 1.7]------- 

Lal. 13500....] 6 55.2/+33 49 |7-3| Fo]..... 3 i+ 6.3] 1.7]------- 
1806....| 6 56.3/+24 21 |5.2| Gr 3 |— 8.5] 9.3] B 
1818....| 6 59.2|— 5 11 [5.9] K2 |o.006] 5 |+ 40.8] 1.1]---.--.. 
1822....] 6 59.6/+34 38 15.6 G4 |0.087] 3 4.6] 

BG.C. 3876....| 7 6.6|+27 24 F8 3 |— 13.8] 2.4]------- 
1856....] 7.6|+16 20 |5.3) Mb 3 |— 7.8] 0.7]------- 
1861....| 7 8.6)+25 4 |6.0] K7 4 |-+ 47.1] 1.5]------- 
1880....| 7 11.1/+41 4 |5.8] Bo jo.o1z] 6 |— 15.0] 2.1]---.... 
1898 Ft..| 7 14.2/+22 10 |8.0] K4 |o.o25] 3 |+ 2.7] 1.5|------- 
1919....| 7 17.2|/+40 52 |5.3| Ko |o.024] 3 |+ 22.4] 

C 884....| 7 17.7/+46 18 [8.9] Ko lo.45 | 3 |4- 8.5] 
1937.---| 7 20.5|+68 40 |5.8} Ko |o.044] 3 |+ 56.9] 0.5]------. 
1940....| 7 20.Q/+21 44 0.309] 3 51.1] 0.1): 

1963....] 7 24.3/— I 42 K3 |o.o11] 4|— 4.4] 1.3]------- 

H.D. 59720....| 7 26.2/+66 41 |7.5| Mb |o.017} 3 |+ 19.6] 0.8|-...... 
1988....| 7 29.8!—22 5 |4.5| F7 4 |+ 58.8] 1.7/+ 61.0} L,C 
2000. 7 32.6/+57 19 |6.2) Kq Jo.o18] 3 |— 12.7 
2001 . 7 32.6/+34 49 |4.9| Fo 0.125] 3 + 6.5] L 
2005. 7 54 K8 lo.004) 3 29.7] 1.9]---.... 
2000. 7 33-8)+48 22 G7 jo.144) 3 |+ 40.3] 0.3]-----.. 
2024.. 7 29 42 |6 K2 jo.046) 3 |— 28.0] 0.7]-...... 

‘922 7 38.11+39 49 |6.8] F6 jo.68 | 4|/— 3.8] o.sj....... 

2031 7 39-2/+28 16 |1.2! Gog |o.625]) 4.8] 3.6] 9 
2049. 7 41-1/+33 40 15.3) Ma 0.040] 3 |— 0.6)...... 
2053. 7 41.9|—33 59 |5-4| Fo [1.710] 3 |+ 99.9] 2.2/+100 | L 
2075. 7 47.1|\—13 36 |s5.7| Go 3 18.2] 
2079 7 47-41+47 49 K4 jo.043] 3 |+ 17.6} 0.8]....... 

BG.C., 4320 7 47.8|—13 36 |0.9 Ko |o. 101] 3 |— 28.6] o.5]....... 
2084 7 48.2/+74 II |5- 9} K3 |0.034] 3 |+ 36.4] 1.2]....... 

C 7 49.1/+19 31 |7.9| K4 |o.471| 6 |— 18.2] 1.8]....... 

2098 7 51.3/+16 3 K3 3 |+ 10.7] 2.0]....... 

4355 7 52.1\+ 25 16.4] FO jo. 178) 3 |— 0.7] 
2099 7 52.0/—22 37 |4.4| Giplo.o41] 3 12.2] 0.8!+ 13.4] L,C 

oa7 7 53-7) +21 8 Go lo. 573 29.91 
2117....| 7 40 15.9) GG 3 2.4) 

H.D. 65734....| 7 25 \7-5| Ao 5 
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TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 5 1900 m Sp “ No v P.E 
Auth. 
km km km 
2118. 7555™1|+17°35’ 15.8] K4 jo’or5| 3 |+ 41.9}#0.7]....... 
2130....| 7 2 37 |4.5| K2 jo.106) 4 |+ 72.1] 0.8/+ 71.4 L, B 

g52...-] 7 57-2|\+72 13 |8.0} Go |o. 496] 3 |+ 36.6) 1.0}....... 

2131...-| 7 57-4/+28 4 K3 |o.056) 3 |— 3.7] 1.3]------- 

BG.C. 4414....| 7 58.8|+12 35 |7-9| Go jo.141) 3 |— 11.3] 1.3]..--... 

H.D. 66637....| 7 59.4/+12 29 |8.5| Ko]..... 

2157...-| 8 4.4|+25 49 |5-8| G5 3 |— 39.8] 0.4/— 44.7] V 
8 $7 10.01 GO 10.755) 3 5-2] 
2170....| 8 6.6/—12 38 |4.7| G8 |o.027] 4 |+ 36.2) 1.8/+ 37.3] L 
2174....| 8 7.01476 4 |5.7| GO jo.027] 3 7.2] 1.5]....... 

> 977...-| 8 12.0/+30 56 |8.6] jo.873] 5 |+ 12.1] 1.3]....... 
2202....| 8 14.0] +27 32 |5.2| F7 jo. 388) 3 |+ 33-8] 

> g82....] 8 16.3/+66 48 |8.9) K4 jo.52 | 3 18.5] 1.9]....... 
2218....| 8 17.6/+18 39 |5.9| Fr |o.064] 3 |+ 35.3] 0.8]....... 
2223....| 8 18.5|+10 57 |6.3} Ma jo.o21] 3 |+ 3.8] 1.1)....... 
2224....| 8 18.6|—26 2 |5.9| Fsplo.or7| 3 |+ 64.0] 0.9}....... 
2229....| 8 20.2/+17 23 |6.2| F4 Jo.246| 3 |+ 36.9] 0.4/+ 36.6] V 
2231....| 8 20.3/+67 38 |6.0| G7 |o.056) 3 |— 2.3] 1.0)....... 
2234....| 8 20.5|+ 7 53 |5-2| G5 |o.043| 4 12.2) 1.8)/+ 15.1] V 
2268....]| 8 26.4/+38 22 16.0} K3 Jo. 204] 6 |+ 15.3] 1.8]....... 
2275....| 8 27.1|/+24 25 |6.4) Go |o.o91] 3 |+ 75.2] 0.8)....... 

H.D. 72522....| 8 28.3/+54 4 |8.7| G8 jo.93 | 3 |+ 12.8) 1.7]....... 
2278....| 8 28.6/+73 59 |6.3} G8 |o.106) 7 |+ 1.1] 1I.5]....... 

C 1000....| 8 28.8|+42 6 |8.6| K4 |o.66 | 5 |+ 58.9] 1.0)....... 
2282....| 8 29.6/+19 56 16.6} F5 3 |+ 35.5| 2.9].-.-.-- 
2289....| 8 30.9/+53 45 |5-7| G4 |o.072| 6 |— 42.6] 1.7]....... 
2294....| 8 32.11+33 9 K2 jo.023] 3 |+ 4.5] I-1]....... 

C 1008....] 8 32.2/+26 24 {7.6} Gr 237] 3 |+ 23.4] 1.2)....... 

C 1014....| 8 34.4/+11 53 |7-9| K2 jo.531] 5 | 12.9] 1.2]....... 

BG.C. 4709....| 8 34.4/+ 6 8 |7.8) Gr jo.339] 3 |— 17.1] 0.6]....... 
2308....| 8 34.4|+20 22 |6.5| G8 |o.044] 3 |+ 36.9] 1.7/+ 33.9] V 
2309....| 8 34.4/+20 19 Az2 |o.036] 3 |+ 33.1] 1.2/+ 33-4) V 
2310....| 8 34.6/+20 1 |6.4] G8 [0.041] 3 |+ 33.3} 1-7/+ 36-4] V 
2312....| 8 34.8|—22 19 |5.4| GO |o. 478) 3 |+ 43.6) 0.8)....... 

Lal. 17072. ...| 8 35.8|+33 44 |8.5| K2|..... & 
2328....| 8 37.7/+13 2 |5-7| AO 3 |— 18.8) 1.2)/....... 
2333...-| 8 38.6/+42 3 |8.2| K4 jo.702) 3 |— 25.4] 1.4]....... 

H.D. 74484. ...| 8 39.2/+33 37 K2 lo.o11| 3 |— 27.0} 0.6)....... 
2348....| 8 40.6/+29 8 14.2] G5 |o.054] 3 |+ 17.4] 0.2/+ 16.2) L, B,C 
2308....| 8 45.2/+44 6 |5.2| GO |o.037| 3 |+ 15.1] 0.3/+ 20 B 

BG.C. 4815S...| 8 46.0/+71 11 |8.7| K6 3 |+ 48.0) 0.6)....... 

6G.C. 4815N..| 8 46.0/+71 11 |9.1| Ko |1.390) 3 |+ 47.8) 2.2)....... 

pBG.C. 4844.. 8 49.0/+26 35 16.7) Gt jo.44 |] 3 |+ 35.6] 0.2]....... 
2394. . 8 50.si+12 © |5.7| 3 [-+ 24.8] 1.2)]....... 
2412 8 54.01—15 45 |5.9| jo.324) 4 
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OTHER DETERMINATIONS 


Auth. 


| 


STAR a 1900 
2417.. Sbs5m3 
2441.. 9 1.6 

2442 Br..| 9 1.7 

2442 Ft..| 9 1.7 

C 1063.. 3.3 
BG.C. 4968 B 9 6.9 
2g76....16 Q-1 

H.D. 81299. ...| 9 19-7 
20:0 
2529 Q 20.4 
2530 Q 22.9 

2538. Q 23.1 

C 1126 Q 24.7 
2552 Q 26.2 
2555 g 26.6 

2550 g 26.6 

g 26.9 
2550. 

C 1143 Q 31-5 
2589 9 33-2 

2003 . 9 35-9 

2000 . 9 37-7 

2618 Q 40.2 
2621 9 40.9 
2022 Q 41.0 

C 1163 9 43-5 
2639. 9 45.6 

2656. 9 49-5 

2658. Q 50.2 

2660. 50.3 

2663. 
2671 9 52.8 
C 1189 9 54-9 

C 1192 9g 50.1 
BG.C. 5291 -| 9 57-9} 
2694. 1.9 
2698 Ft..|10 2.9 
BG.C. 5334Br..|}10 3.6 
3932. 70 66.3 
B.D.+51°1586....|10 7.5 
9:5 
2720....110 9.4 

BG.C. 5365....|10 10.8 
2795... 11.6 
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L,B 


L,B 
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| 
km km 
+ 32° 30’ 5.8 A2 
+67 32 |4 
+23 23 |6 | 0.6)....... 
723 33 17 | 
+47 24 17 4 
+18 8 |6 15 
T33 22 17 17 
— 4 4! 5: 
+81 46 5.9, L 
+ 9 30 Go 7 
+ 6 5 K4 27. 
+52 8 Fs 10. 15.8) 
+11 45 Go 31 
+10 K3 14 20.8] V 
+27 26 |f.1| G8 14 
+16 53 Kr 6 
+72 12 |f.8| Fo | 27 = 
+5 6 40 45.8} L, B 
+26 22 | 25 
—23 28 33 
+24 14 4 5.1 L, 
+ 7 10 5 0.9) V 
+12 16 30. 
+13 32 K7 037 8 
T73 2% K2 | 079! 5 
—18 32 |) Ma | 050) 43 
9 24 {5 9 
+ 8 47 21 17.4) V 
+38 30 | 33.8 
+17 15 1.0 2.6 
+24 15 82.7 
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OTHER DETERMINATIONS 
be STAR a 1900 6 1900 m Sp. “ No. v PE. 
Auth. 
km km | km 
|6.2| Ko |o%023| 3 |+ 11.3/#0.5/+ 8.1) V 
C 1244....|10 14.2/+20 22 |9.2| Mdplo.490] 4 |+ 9 
2741....|10 14.3/+19 59 |5.0| F5 jo.329) 3 |+ 4.9] o.9]/+ L,B 
2742..../10 14.5|+20 21 |2.6} G8 |o 3 |— 360.6} 6 L.B 
2743....|10 14.5|+20 21 |3.8! Gs5 Io 3 |— 36.0] 2.8/f 3° 
2744....|/10 15.1|+42 21 |6.7| Ao [0-001 
2748....|10 15.9/+ 2 48 |6.5| B4 Jo.008] 3 17.2] 2.5/....... 
BG.C. 5409 Br..|10 17.4|/+15 52 |7.4| G2 |o.292| 3 |+ 18.9] o.8}....... 
2762..../10 18.9/+83 4 [5.3] Fo |o.084| 3 |+ 8.7] 1.4]....... 
2776..../10 22.11+37 13 [4.4] G6 jo.161| 3 |+ 4.7] 0.6/+ 6.2] L,B 
2777....|10 22.4/+10 16 |5.9| jo.o14] 3 |— 10.0] 1.8]....... 
2780....|10 22.8)+66 8 |6.4) K2 |o.045| 3 |— 25.1| 1.7/— 25.1] V 
C 1264....}10 23.2/— 6 5 |8.1| Gg |o.478| 5 |+ 28.7] 1.6)....... 
2799....|10 26.6/+76 14 |5.0] G7 |o.030] 3 |+ 18.7} 0.8/+ 16.2] L 
2800. ...|/10 26.9)+14 39 |5.7| Ma |o.o41] 3 |+ 34.6] 1.1/+ 34.0) \ 
2816....|10 29.6/+ 7 28 |5.2| G5 4 |+ 5.9] 1.9)....... 
BG.C. 5515....|10 34.51+ 9 22 |8.1| FO]..... 
2846....}10 36.3/— 1 13 16.4] Ko Jo.1g1] 4 
H.D. 92706. ...|10 37.2/+ 1 23 |7.6| Ko Jo.008] 3 18.5] 1.4]....... 
2853....|10 37-7/+46 44 A8 |o.289] 5 |+ 6.1] 1.4]....... 
2865....|10 40.1/+57 54 |6.5| Ma Jo.o81| 3 |— 2.8) 0.6/— 1.0] V 
2868....|10 40.9/+ 6 54 Ki ]o.039/ 5 |— 8.4] 1.6]....... 
2881..../10 43.4/+29 57 |6.3| Go Jjo.103} 3 |+ 10.2] 1.ol....... 
1307..../10 46.1/+20 49 |8.1] Fr jo. 502] 4 |+ 61.4] 1.6]....... 
B.D.+33°2049....|10 47.1/+33 31 |7.6| Go |o.o49| 3 |+ 11.8] 1.ol....... 
2899....|10 47.7/+34 45 [3.9] Ki |o.304] 7 |+ 18.2] 5| L, B 
2912..../10 50.5/+42 33 |6.1] Ki jo.1o1| 3 |— 52.4) 0.3/— 55.7| V 
C 1325....]10 50.9/+28 17 |8.6| G6 |o.472| 3 |+ 6.7] 1.o]....... 
2918....|10 52.0/+78 18 |6.3} G7 |o.081| 4 |— 49.2| 1.4/— 50.4] V 
2920..../10 53.9/+40 58 |5.1] G2 Jo.320) 3 11.7] 1.0]....... 
2922....|/10 54.5|+46 5 10.0101 3 0:5] 
2925....|10 54.9|—17 46 |4.2| Ko |o.481] 3 |+ 46.0) 0.1/+ 47.2/ L, Y,C 
2927....|10 4 5.0} Kr jo.023} 3 [+ 
2938....|10 58.5|+ © 32 |6.2| K3 |o.066] 6 |— 7.8] 1.6)....... 
2950....13% 3.5/4-25 12 (5.6) Aa fo.co4) 5.6] 2.9]....... 
BG.C. 5695 B...|11 5.5|+31 © |9.8} Ma Jo.623| 5 |— 27.6] o.8]....... 
BG.C. 5695A...|11 5.6/+31 © |8.8} K7 |0.623] 4 |— 13.5] 0.6]....... 
BG.C. 5695C...|11 5.6/+31 2 GO]... 5 33-8) 1.6)....... 
2971 Br..|11 8.6/+74 1 |7.8| Ks |o.405} 3 |+ 0.6]....... 
2978....|1I 10.6/+13 51 |5.5| K2 Jo.028) 4 |-+ 11.1] 1.6/+ 11.7] V 
2986. .../11 13.2/— 4 31 |7.3| G8 |o.808] 5 |+ 10.6] 1.5]....... 
C. 5744 Br..|11 14.3/— 1 6 [7.0] F6 268] 3 |+ 19.0] 1.4]....... 
G.C. 5757 Br..|11 16.6/+18 45 |8.1| Ki 3 


| 
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TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 5 1900 m| Sp. No. v PE. 
Auth. 
km km km 
Lal. 21683... . |6.9} Aq |o7063] 3 |— 12.3/#0.6]....... 
3022....|11 23.4)+62 19 [5.9] F3 5 |— 8.6] 1.8)....... 
3025....|11 24.5]+15 58 [6.0] K3 |o.066] 3 |— 28.1] 0.2]....... 
3030....|11 25.3/+18 58 |5.7| Ko |o.078] 3 |-+ 25.5] 1.5]....... 
3032....|11 26.6]-+14 55 |6.3) Fo |o.387] 4|— 4.7] 0.4]....... 
3033....|11 26.7/+61 38 |5.8} F4 |o.079] 3 |— 44.9] 0.6)....... 

C 1426....|11 28.41+65 48 |7.2] F5 Jjo.204] 3 
3046....]11 29.6)-+55 20 |5.8} G5 jo.o12] 3 |-+ 18.4) 2.2]....... 
3047....]11 29.6/—32 18 |6.1] Ka |1.058) 3 |— 22.1] 2.6)— 24 | L 
3075....|1r 35.8]+-34 46 |5.5] Gs 3 5.1] 0O.5]....... 
go78....]1x 36.4/+32 18 |5.7] F2 jo.347| 4 |+ 31.2] 0.3]....... 
3081....]1x 36.9/4+-67 18 |5.5] K2 jo.058] 3 [+ 5.8] £.3]....... 
3093..../11 41.6) +56 11 |5.4) K4 3 |+ 5.0} 0.6)....... 
30905....|II 41.7/—39 57 |5.0] G3 |1.574| 3 13-6] 0.7/+ 17.5) L,C 
3100. 43.7|—26 12 |5.4| Mc jo.028] 3 [+ 5.3] 

B.D.+14°2447....|11 48.7/-+14 35 |8.1| Fr 3 |+ 5.9] 1.1]....... 
BG.C. 5960S...|11 58 |8.4) G4 jo.445] 4 |4+ 8.2] 1.6)....... 
BG.C. 5960N..|11 49.5|+19 59 |8.4| GO |o.436| 4 |+ 4.5] 0.5]....... 

3141. Ir 56.5|+36 36 |5.6| Go jo.136) 3 |-+ 31.1) 0.7]....... 

C 1497....|t2 © |8.4] GS 3 4-6] 
3155....|12 9 17 [4.2] G6 jo.221| 4 |— 29.6] 0.9/— 29.2] L,C 
157....|12 ©.6/+63 30 |6.2) Kr |o.087] 3 |— 23.5] 1.4/— 27.2] V 

BG.C. 6028....|32 1.0]/+69 15 |7.1] F4|.....] 3 |— 12.6] 0.8]....... 
3166. 3.3/—24 10 |4.2] Fr 3 |+ 2.1/+ 3.6] L,C 

3169. 12 4.6/+ 2 28 |6.1] K2 |o.190} 4 |+ 3.3] 0.9]....... 
3179 12 6.8/+57 37 |6.5| K4 3 |-+ 35.3] 1.0O}....... 
C 1523....|12 7.8|+10 36 |8.0| Ko jo.430| 4 |— 8.3] 0.9]....... 
9.8i-+-53 59 [6.3] Go jo.023] 3 0.6] 0.2]....... 
BG.C. 6090 Ft..|12 10.0/— 6 42 |8.3| Go |o.317] 4 |+ 18.6) 1.0]....... 
C 1533....|12 10.0/— 9 44 |6.1| F3 |1.024] 5 |+ 5.9] 1.5]....... 
Lal. 23040. ...|12 13.0/+19 © |7.5| |o.026) 3 |— 27.7] 2.3]....... 

C 1542....|12 14.1/+17 6 |7.0] G2 jo.237} 4 |+ 1.0}....... 
3208....|12 14.4|+88 15 |6.3| A8 |o.067) 3 |— 2.5) 2.2]....... 
3209....|12 14.5/+28 43 [6.3] F8 ]o.245| 6 |— 7.6) 1.2)....... 
3213....|12 15.3|/+ 3 52 |5-1| Ko jo.307| 3 |+ 35.9] 0.2]....... 
3216....|12 15.7/+18 21 |4.9| G6 jo.139] 3 |+ 47.4) 42.7) L, B 

C 1551....|12 16.9|/+42 42 |9.1| Ma |jo.57 | 4 15.2] 1.8]....... 

C 1564....|12 19.9/+38 52 |8.1| F6 jo.62 | 3 1.8) 0.8)....... 
3233. ..-|12 20.2|/+24 29 |6.1| Gg 3 |— 4.4) 0.9]....... 
1579....|12 24.6/— 2 46 |8.6| G3 4 |— 3.6) 0.8]....... 
3258....|12 24.9/—12 50 |6.4) Go 5 |— 0.2) 1.0}....... 
3201....|12 25.3/+52 5 |6.2] 3 18.6) 1.2)....... 

Lal. 23398....|12 20.1/+17 10 |7.5| Ki jo.025] 3 |+ 11.4] 0.6)....... 
3274....|12 28.0/+10 51 |6.5| G8 3 |-+ 1.0) 0.8)....... 
3279....-|12 29.0/+41 54 |4.3| Go |o.758} 3 |+ 7.0/#0.6/+ 7.9) L,B 
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TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 5 1900 m)\ Sp. “ No v PLE. 
Auth. 
km km km 
C 1604. ...|1236"0|+69° 21’ |8.2} G1 jo746 | 3 |— 5.5|#0.6]....... 
3307 S...|12 36.6/— 0 54 |3.7| Fo |o.564] 3 |— 20.3] 1.6]\_ L 
3307 N..|12 36.6/— 54 Fr 4 |— 18.4 
3321....|12 40.3|+39 49 |6.0} F6 jo.375| 3 79.3] 
C 1627....|12 43.9/+25 23 |6.4] G6 |o.367] 3 |— 7.3] 0.7]......- 
C 1628....|12 52 |5.9 5 lo.096] 5 |— 9.5] 2.1;/— 10: | L 
C 1630....]12 44.6/+ 1 45 |8.1| G8 jo.665| 3 |— 3.4] 0.5]......- 
3344. ...[%2 46.21I— 9 48 [6.5] GS jo.021| 5 |— 16.8) 2.0)....... 
3340. ...|12 46.51+ 3 36 |6.1| K3 Jo.035| 3 |+ 3.0] 0.7/+ 2.9} V 
40.6|+-28 5 [5.11 P6 5 |— 2.8 
C 1640....|12 47-9/—17 57 |8-3| F3 }o.877| 3 |+143.9] 0.9). 
3353....|12 48.1|— 3 1 [6.2] F6 jo.252] 3 |— 7.6) 1.9}. 
C 1657....|12 53-9|— 9 18 |7-7| K2 3 3.6} 1.3]......- 
C 1664....|12 55-71/+18 55 |6.1| Fs jo.245| 3 |+ 1.0] 0.7]....... 
C 1666....|12 56.1]—26 50 |8.2| F4 jo.545| 3 |+226.4] 2.1]....... 
3380....|12 56.11+67 8 |5.5| G8 Jo.150) 4 |— 28.1] 1.1/— 31.4] V 
3381. ...|]12 56.2/+17 40 |6.0) G8 jo.033) 3 5.8] 0o.6)....... 
5-9] Mc |o.066] 4 |— 4.3] 1.0]....... 
3401....|13 2.4|+28 10 14.9] K4 3 |— 15.9] 1.8|— 14.5] L 
3402....|13 2.4/+62 35 |6.3| G8 |o.045] 4 |+ 15.6) 1.5/+ 13.9] V 
3412....|13 5-1/+18 3 F4 3 |— 18.9] 0.2/— 18.8 iy 
1692....|13 6.4)+10 9 |8.5| G2 jo.559] 3 18.6) 0.9)....... 
3424....|13 7-2}+28 23 14.3] Gr 3 |+ 5.6) L, B,C 
C 1695....]13  7-5/+18 3 |7-8| F6 |o.578] 3 |+ 49.3] 0.3]------- 
3438....|13 10.6/—19 25 |5.3] Kx jo.322| 3 |+ 31.7] 1.2]....... 
1 | 
3443....|13 11-81+ 9 57 |5.2| Go jo.382] 3 |— 24.3] 1.7].-.---- 
BG.C. 6442 Br..|13 11.9|+17 33 |6.6} K3 |o.691| 3 |+ 4.8) 0.7]...... 
3446....|13 12.6]+ 6 |5.0} Ma |o.o16| 3 |— 28.2| 1.6)— 26.0) L 
3448....|13 13.2/-17 45 |4.8| G8 |1.529} 3 10.9} 0.8!— 6.6) L 
3449... .|13 13-5|—22 39 |3-3] G7 [0.083] 3 |— 6.6) 5.1) L,C 
BG.C. 6452....|13 14.9/+35 39 |9.6| Ma |o. 884} 3 2-4] 
C 1722....|13 15.7/+ 4 39 |8.8] K3 jo.575| 5 |— 23.0] 1.2]....... 
C 1723....|13 16.11+43 38 |8.2} Kr jo.438) 3 |— 38.8) 2.2]....... 
BG.C. 6476....|13 18.9/+29 45 |8.9] Ks ]o.535; 4 |— 36.1] 1.9]....--- 
4 3483. ...|13 22.6/+63 46 |6.5| G7 |o.444] 3 |— 30.1 0.8) 
3487 153 23-5} G3 {0.6341 3 5.3 
3488... .|13 23-6/+72 55 K4 jo.030) 4 |— 47.1] 0.5]....--- 
H.D. 117262... .|13 24.1/+34 11 |8.2} Ko |o.026) 3 j— 9.6] 1.7]....... 
BG.C. 6500 Br..|13 24.2|+12 8.1} G8 |..... 
H.D. 117317... .|13 24.4/+70 51 |7-5| Fr jo.og0) 3 |— 40.1} 2.4].....-.. 
5 BG.C. 6524 Br..|13 28.3/+35 25 As |...--| 4 ]— 29.1] 1.2]....... 
3518... .|13 33-01 +36 48 |4.9| jo.104) 3 |— 16 1.8)— 6 \ 
H.D. 118936... .|13 35-1/+76 26 |8.0] G4 |o.026) 4 |— 42.6) 2.0)....... 
Lal. 25249....|13 35-1|+48 24 |7.9| F3 |o.026} 4 5.8) 1.1]....... 
Lal. 25265....|13 36.0/+33 21 |7.8| F8 3 |— 
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TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 5 1900 m Sp. “u No. 0 PE. 
Auth. 
km km km 
8G.C. 6589 Br..|13%36™3|+51° 2’|6.3| Go jo%157| 4|— 8.5|#2.2]....... 
3537----|13 38.01+ 4 3 |5.6| K3 3 |— 41.9] 1.4]....... 
3541....113 +23 12 ]6.4] K5 jo.072] 3 |+ 9.6] 0.3]....... 

C 1786....|r3 40.7/+15 26 |8.5| Mb |2. 298] 4 |+ 15.1] 1.3].-.---- 

C 1789....|13 41.5|/+56 23 |6.4| FO6 |o.372) 3 |— 1.0] 1.7]....... 
3551....|13 9 13 [6.2] K4 jo.042] 3 |+ 7.8] 0.3]....... 
3554..--|13 42.0/+ 6 51 |6.3 Fo |o.499| 4 |— 31.8] 1.2]....... 
3557....|13 42.21+78 34 |6.1| G8 3 |— 1.4/— 8.2) V 
3558....113 42-5|+17 57 14.5] F7 |o.487| 5 |— 16.9] 16.2 L, B 
3571....|13 38 |5.1| Ko jo.108] 4 |— 41.6] 0.8)....... 

BG.C. 6641 Br..|13 44.5|+27 29 |7.9| K6 |0.455] 3 |— 20.0] 0.4]....... 
BG.C. 6641 Ft..|13 44.5|+27 29 |8.2| K6 |o.455| 3 

C 1804....|13 45.81—23 53 |6.5| G2 |o.658) 3 |+ 2.6] o.5]....... 
3581....|13 46.7/+35 10 |6.0] Ma |o.072| 4 |— 37.0] 1.3/— 41.9] V 
3504....|13 49.6/— 1 1 [5.3] Ki jo.o91] 3 |— 3.9) 0.2]....... 
3595.---|13 49-7/— 7 34 |6.2|] F8 jo.167] 5 |— 19.5} 2.0)....... 
3605. ...|13 8 |6.0} K4 0.087) 4 |— 40.2] 0.8]....... 
3616. ...|13 59.0/—14 29 |6.4] Ki jo.048) 4 |— 14.5] 1.9].....-. 
3630....|14 3.9/+44 20 |5.4| Mb |o.037| 3 |— 34.71 0.2/— 38.4] V 
3631....|14 4.6/+49 56 |5.4| Ma |o.068) 4 |— 11.9] 1.3/— 13.6) V 
3634....114 §-7|\+59 40 G7 Jo.117| 3 |-+ 11.6) 2.3)....... 
3641....114 7-5|—26 9 G8 jo.co4] 3 |— 9.32] 2.2]....... 
3647....114 9-1|— § 29 |6.3] FS8 jo.317] 3 |— 33.6] 0.38)....... 
3650....|14 9.3|+13 20 |5.5| F7 jo. 267] 3 |— 38.1] 1.4]— 38.6) L 
3656....|14 10.2|/+69 54 |5.4| Ma jo.068] 3 |— 22.1] 1.9}......- 
3658....|14 10.4]+41 59 |6.2} K3 jo.122} 3 7.2] 1.5].....-- 
3669. ...|14 13.1]—-18 15 |5.7| A3 
36071....|14 13.3|—25 22 |5.9| F5 |o.538] 3 |— 21.5] 1.6)....... 

C 1885....|14 17.6/+30 6 |8.6| KO |o.727| 4 |— 39.7] 2.1|.....-. 
3691....|14 18.0/—11 15 |6.3} G8 on 
3710....|14 23.01— 1 47 |5.0| Fo lo.134] 3 |— 10.7] 1.0o/— 8.8] L 
3715....|14 25.2|-+50 18 |5.6) G3 0.312 Ste 

BG.C. 6896 Br..|14 25.8|—15 11 |8.4| G2 |o.433] 4 |+ 28.7) 1.7].....-- 

C 10913....|14 28.7/+ 9 47 |8.9] K3 jo.55 | 4 28.1] 1.6)....... 
3730....|14 33-6/+18 44 |6.0] Ko £3.98] 0:6). 
3754....|14 36.9) +12 5 |5.6) G5 lo 205} 9 |— 23.2) 1.3/— 23.1| V 
3757----|14 37-5|—34 45 |4-1] K3 lo 207| 3 |— 33-0| 0.7/— 39.2] L,C 

BG.C. 6977 Br..|14 38.2/+58 23 |7.4| Ko jo.244, 3 |— 8.5) 0.8]....... 
3761....|14 39-0/+26 57 |4.9| Ma jo.024/ 3 |+ 7.7} 0.8)+ 8 L 
3771 Br..|14 40.6|+27 30 |2.7| G8 4 |— 13.5] 1.5|— 16.4] m,L, B,C 
Lal. 26928. ...|14 41.1/+34 48 |7.8) Ma io 3 |— 32.8] 1.6)....... 
BG.C. 6999 Br..|14 41.4/+10 4 |7.5| G3 jo.272| 3 [+ 24.9) 1.2]....-.. 
BG.C. 7oo1....|14 41.7/+42 48 |7.2| Fs5 [0.129] 3 
Lal. 26994. ...|14 44.2|/+18 37 |7-4| Ko jo.026) 3 |— 27.3) 0.2/....... 
3785...-|14 45.2/+38 13 [6.0] F2 jo.276) 3 |— 33.4/#1.8)....... 
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TABLE I—Continued 
| | | OTHER DETERMINATIONS 

STAR a 1900 5 1900 Sp. | v P.E. 

| | | km km km 

C 1962....}14546™0| — 23°53'17.7| Ks 3 |— 64.5|/#1.3]....... 
3797. .--|14 46.6/—30 10 Go Jo. 342) 3 |— 25.3] 0.7]. 

_ 3798 Ft../14 46.8/+19 31 6.8) K4 |o. 168) 3 |+ 6.9 2.1. 

BG.C. 7040 Br.. |14 47-9|+19 9 Fg jo.185} 3 |— 48.1] 1.0 
H.D. 131444....|14 48.6/+66 4 Ma |o.007} 3 |— 27.4] 0.9 
| 

3812....|14 51.6/—20 58 Ma |1.916) 3 |+ 25.9] 3.9)....... 
3816. .../14 52.4/+ © 14 Ki |o.069] 3 |+ 18.5| 0.7/+ 19.5] V 
3817....114 §2.5|/+16 47 |5.8 G3 0.028} 3 |— 16.1] 0.4/— 16.0] V 
3822....114 53.1|/+50 2 FS 0. 257| 

BGC. 7079 Br..|14 53.7/— 4 35 6.0 F8 0. 384! 3 |— 29.3] 0.9]....... 

1988... 14 54.2)—21 30 8.5) 0.785] 3 |+158.0 
3833..--|14 57-1} +82 55 |5.7| F8 jo.294] 3 |— 39.9] 0.8)....... 
3843....1]15 ©.3/+72 9 16.7) Fo jo. 398) 3 |— 44.6) 1.2]...... 
3847....|1§ ©.5|+48 3 |5.3| Go 0. 387 3 |— 24.3] 23.7| L,B 
3855....]15 2.9/+25 16 |5.0| F4 jo. 262) 3 |— 10.4] 0.8/— 7 L 

C 2011....]15 3.0\+ 9 16 |8.7| Fo lo. 534| 3 |— 60.6] 2.2]. 

C 2018....]15 4.8!—15 59 |9.9| Go |3- 084] 3 |+306.4) 1.7]|....... 

BG.C. 7162Ft..|15 8.3/+19 40 G7 lo. 654| 41.1] 1.5). 
3882....)15 10.2/+ 5 19 |5.4| Go 
3887..../15 11.5/+33 41 |3.5| Gs 0-155] 3 |— 10.7) 2.2)— 12.6] L, B 
3895...-|15 14.2/+ 2 9 |5.2| FO jo 044) 3 |+ 50.6] 1.6/+ 53.8] L, B 
2043... 3 16 « Fo jo 26.1) 

C 2044....|/15 14.7/+26 4 Gog jo.568] 3 |— 32.9] 2.2)....... 
3907....|I5 1 5 |5-5| K2 10.125] 3 |+ 10.5 O.2)....... 

BG.C. 7226 Br..|15 16.1/+31 3 9-9 F5 | 42.2] 12.0)....... 

9065. ... 27-714 47 K4 3 |— 29.9] 0.2)....... 
3927....|15 20.7/+37 42 |7-2| Go lo. 172| 6.8) 
3031....|15 21.2/+15 47 5 Ko 0.033] 3 |— 18.6} 0.8]....... 

BG.C. 7263....|15 21.6/+18 31 |7.8 F7 0.023} 4|— 6.8] 1.9)....... 

BG.C. 7268 Br..|15 22.7/— 8 59 8} G8 Jo. 349) 8 |+ 2.9 

BG.C. 7268 Ft..|15 22.7/— 8 59 |8.1| K2 0.349) 7 

| 
3952..../15 28.7/— 9 43 |4-8} Ki jo. 389} 3 |+ 45.3] 0.4/+ 48.6) L,C 
3960 Ft..|15 30.0/+10 52 |5.2| A6 3 |— 34.3] 1.14]....... 
3983....]15 35.0/ +80 47 G3 20.3) 
| 

40or....|15 39.3/+ 6 44 |2.8) K2 jo 139) 3 5.7) 1.2/+ m,L,B,C 

18 G2 |o. 3 34.2) 1.1]....... 
4029....|15 46.1/—13 50 |6.2) G5 |o 4 |— 21.4) 2.4)/....... 
4048..../15 50.2/-+20 36 |5.8) K4 0.083) 3 |— 60.8 
4054..../15 20 5} Ma jo.075| 3 |— 9.8/#1.o}....... 

| 
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TABLE I—Continued 


OTHER DETERMINATIONS 

STAR a 1900 5 1900 mi SP. “ No. v P.E. 

Auth. 
km km km 

C 1’ |8.1 G8 |o"85 | 3 |— 
4o75....|15 56.7) +18 6 |5.3| G7 3 |— 16.9} 0.2|— 16.6) V 
4077....|15 57-2/+33 36 |5.4| Fo jo.810) 3 
4083....|15 58.9|—11 6 |7.2 G7 |0.080] 4 |— 33-7| 
4087 C.. 4/15 59-6|/—19 32 |5.1 B3 | 4|— 7-6) 2.9)------- 

C 2149....|15 59-9|/+25 31 |7-1| Ko |o.862) 3 |— 

C 2154....|16 1.5|/+39 26 |6 8| Go |jo.571| 3 |— 59-9] 0.4]...---- 

C 2160....|16 55 |8.6| K5 jo.591) 3 

B.D.+70°861....|16 3-3|+70 23 |8.2 Mb |o.020] 4 |— 17.0] 2.7]..----- 
41or....|16 3.6/4+17 19 |5-3 G5 |o.046| 4 |— 10.0) 9-4 V 
4130....|16 8.3/4 5 17 5.6] K4 3 |— 2.8) 1.6).....-. 

4132 N..|16 8.6/+13 48 |7.6 Go |0.459] 5 |+ 21.3] 

H.D. 146025....|16 52 |7-9| Kr jo.027| 3 |— 

H.D. 146470....|16 11.4|+32 25 |8-5 K4 |o.035| 3 |—164.3} 0.6]....... 
4147....|16 13.0\— 4 27 |3.3| GO 0.086] 3 |— 11.2] O.5|— 9-2 L, C 

Lal. 29744. ...|16 53 |8-0 K3 |o.026] 3 |— 33-6) 1.9].------ 
4152....|16 14.0/+606 37 K2 jo.orr| 3 |+ 11.7) 
4157....|16 15.0; +75 28 K2 lo.o41] 3 |— 24.1] 1.2].....-- 

C 2184....|16 16.5|+67 29 |5.9 K6 jo. 505| 3 |— 13-8} 2.7|------- 
4165....|16 17.5| +19 23 |3-5 A2 |o.062| 3 |— 39-3] 4-7|— 39 L 
18.6)+34 2 |5.4| Ma |o.049| 3 |— 9-0) 2.2).------ 
4175....|16 |5-3 K6 |o.055| 3 |— 36.6) 0.5]------- 

Lal. 29893... |16 19.2|/+32 52 |7-9 K4 |o.o11] 3 |— 
Lal. 29932....|16 20.7| +32 42 |8.1 K4 |o.038|] 3 |— 44-3} 0.9|------- 

BG.C. 7627 Br..|16 32 |7.9| Go jo.o19] 4 |— 31-7) 
4192....|16 22.6|/+61 44 |2.9 G6 062| 3 |— 14.5] 2.0}— 13.9 L, B 
4195....|16 23 53 |5.5| Ks |o.076| 6 |+ 9.0 

C 2196....|16 23.6/+ 3 29 |9.0) Go jo. 532) 6 62.7) 8.8). 
4207. 16 26.2|+20 42 G3 0.095| 3 17.1| 1.7/+ 17-4] V 

C 2202 16 27.4/+48 11 |7.0| F7 |o.301| 3 |— 46.9] 1.4).------ 
4222 16 2 7 Ko lo. 546] 3 |— 

B.D.+51°2121. 16 34.2| +51 45 lg.6| G3 jo.119) 3 |+ 25.7) 
4234 16 34 9|+77 39 |6.4| G8 Jo. 286) 3 |— 31.5) 
4242....|16 30.0/+49 7 |5-1| Ma |o.044) 3 54.0} 0.4/— 55.8) V 
4257 16 40.1|\+ 6 17 |6.7| G8 jo.352) 8 5.0| 1.3/—- V 
4260 16 40.4/+ I 12 Bg |0.003) 3 |— 
4262 \16 4o.8)+15 56 |5.8| Mb |0.054) 3 |— 17.7] 
4264 16 41.0\+ 8 46 |5.4| |o.016) 4 |— 22-3) 

2238....|16 41.4\+33 41 |8.6) K8 |o.37 | 3 |— 30-0] 1.6).....-. 
4285 116 46.3|/+ I 23 |5 s| Ax |o.029| 8 |— 26.3] 1.4]------- 

BG.C. 7778 Br..|16 46.4|+ 9 34 3|- 

BG.C. 7783 Br..|16 47.9/+25 49 |9.7| 13 24.9] 0.8)....--- 

C 2258 \16 50.1/— 8 9 \9.2| Md 5 |+ 11.9] 1.8)...---- 
4305 16 50.4/+43 © 16.7| Fo 4 |+ 7-9 | 5-8) V 
4307 16 50 7 15.5) G7 [e059 3 

| 
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TABLE I—Continued 
OTHER DETERMINATIONS 
- STAR a 1900 5 1900 m Sp. “ No. v P.E. 
: v Auth. 
km km km 
4310... 25° 53’ [6.3] G5 jo%031| 3 |— 0.1/#2.0;— 6| V 
4311....|16 51.0]/+18 36 |5.6} K6 jo.106) 3 |+ 13.4] 0.8/+ 11.5] V 
4318....|16 53.8|—24 56 |5.9| Ma ]o.022| 5 |— 31.6 
4326....]16 56.0}—18 44 |6.4| Ko 3 |+ 43.7] 1.2]....... 
4336....|16 58.5|+14 14 |5.1| Mb 3 |+ 46.6] 1.3/+ 41.0} V 
4343...-|16 59.9/+35 33 |6.8] Mb jo.058] 3 |— 11.4] 1.9]....... 
C 2279....]17. 0.2]+ 0 51 |5.9| Go Jo.321] 7 |— 18.6] 1.5}. 
BG.C. 7872 Br..|17 2.0/+59 42 |9.1| K3 |o.427| 4 |— 73.2] 1.3]....-.. 
§7 10.3) Ko 5 12.1] 1.3)....... 
C 2284....]17 3.4/+ 4 34 |7-2| Go Jo. 208] 3 |— 18.4] 0.8]....... 
: H.D. 154928....|17 3-4/+73 27 |7-7| Ks ]o.007] 3 |— 0.1]....... 
4364....|17 6.3/+40 54 |5.1| K3 |o.053] 3 |— 52.2] 0.4/— 59.4) V 
BG.C. 7898 Br..}17 7.8)+21 20 |7.5} Ki |..... 
4373....|17 10.1|-+14 30 |3.5| Mb Jo.o30] 5 |— 31.2} 1.2/— 32.4] L, B,C 
4386....|]17 12.11—34 53 |1.194, 4 |+ 3.4] 1-3/- 4: L 
BG.C. 7936....|17 12.2|+56 15 |7-9| Fs |..... 
H.D. 156824....|17 14.6|/+ 2 40 |8.6| F2]|..... 26.61 
14.9|+28 56 |5.8] G8 |o.045| 4 |— 14.0] 0.7]....... 
4390....|17 15.3|+60 47 |6.4) Go 3 |+ 17.7] 2.3]....... 
C 2310....|17 15.4/+ 9 34 [8.2] Go 0. 313| 
4413....|17 18.7;—21 21 |6.0} G8 Jo.045| 4 |— 55 4| 
4414....]17 19.0|—24 9 Ki |o.004| 4 |-+ 20.5) 1.7]....... 
4424....|17 21.4/—12 25 |6.3] F6 jo.075| 3 |— 40.2] 1.4]....... 
4433....|17 25.2i— © 59 |6.0) GO Jo. 215) 3 |— 80.4] 0.3/— 70.7) C 
B.D.+68°930....|17 26.2/-+68 27 |g.1| G7 |..... 
C 2339....|17 29.1|+63 56 [7-4| Gr jo.21 | 3 |— 29.2] 0.9]....... 
4447. ...1%7 20: 21-16 23 Go 10.058] 3 21.0) 0.4]....... 
4449....|17 29.3|—21 59 |6.6| Bg jo.o15] 6 |— 12.4] 1.6)....... 
BG.C. 8068A...|17 30.0/+ 6 6 17.9] F8 4 |+ 2.6] 2.0]....... 
C 2347....|87 33-4|+18 37 |9-1| Ma jr.39 | 3 |— 9.3] 0.9]....... 
C 2348....|17 33-9|+18 37 |9-1| Fo |o.28 | 3 |—240.0] 2.5]....... 
4470....|17 34.0/+61 57 |5.3| Go jo.563] 4 |— 11.0] 1.8]....... 
B.D.+18°3424....|17 34.3/+18 37 |9-4| K2 |1.20] 3 |+ 1.6) 1.3]....... 
4473...-187 35-41+74 17 |7-1| G8 jo.081) 3 |— 8.4] 0.6)....... 
C 2351....|17 35-8|+68 52 |8.5| Ko |o.150) 3 
C 2353....|27 36.2/4-37 16 [8.5] F7 lo.945| 4 30.2] x.2|....... 
C 2354....|17 37-0} +68 26 |9.5| Mb |1.334| 4 |— 16.5] 3.2/....... 
4480 Br..|17 37.0/+24 34 |6.5| K2 jo.052] 4 |— 31.7] 0.6]....... 
4482..../17 37-5|+16 o |5.6| F2 jo.096] 4 |— 44.2] 1.0]....... 
4487....117 38-5|+ 4 37 |2-9] K2 jo.158) 7 |— 11.4] 1.2/— 11.5] 7 
C 2358....|17 39.0\ +21 40 |7-4] G8 jo.623; 3 |+ 20.6] 2.2)....... 
4488....117 39-3\+24 22 G2 jo.132] 4 |— 25.0] 1I.0}....... 
4497....|17 42.5|/+27 47 |3-5| G5 |o.817| 3 |— 16.1] 1.2/— 15.7] L, B,C 
4504....117 43-7/}+72 12 |4.9} F3 lo. 267 1.3/— 10.4] L 
43.7|+72 12 F7 279 4|- 11.4|*1.3 
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TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 6 1900 | Sp. uw |No. P.E. 
v Auth. 
km km km 
4508 17544™8]-+ 25° 39’ |5.3| Kr |o%046| 3 |— 23.9]0.5]....... 
BG.C, 8209 Br... 17 47.6|— 7 53 |7.6| Go Jo. 246] 4 |—124.8] 2.2]....... 
Lal. 32882. ...|17 50.9|+42 40 |7.6] Ko jo.004] 3 |— 0.7] 0.6)....... 

4527... I7 51.2i+ © 41 |5.7| B3 jo.006] 7 |— 17.5] 2.0]....... 

Barnard’s Star. ...|17 52.9|+ 4 25 |9.7| Mb |10.5 | 5 |—107 4.5|—128 L 
4542...-117 54.7) +30 12 |4.5| Fapjo.oo4] 3 21.2) 0.7/— 21.6) L 
4553----|17 56.7/—24 17 |5.5| F4 jo.o16] 3 |— 8.9] 1.6)....... 
4555. 17 57-1/+45 30 |5.9} K6 jo.044] 3 |— 9.3] 1.5]--..--. 

6B G.C, 8316 Br.. 17 58.4|+26 22 |7.1] Kr jo.72 | 3 23.31 0.5]....... 
4571 Br..|18 0.4|/+ 2 31 |4.3| Ko |1.131] 3 |— 3.9] 7.4] L 

C 2392....|18 0.7/+ 4 39 |6.8} Gr jo.296) 3 |—124.1| 1.4]....... 
4576....|78 27 16.3) Ba lo.org] i— 5.8] 

Lal. 33290....|18 1.4/+42 51 |7.5| K2 3 |— 13.1] 

C 2396....|18 2.1/+ 8 52 |7.7| F7 jo.152| 3 17.1] 2.2]....... 
4582....|18 3.2/+30 33 |5.2] F5 jo.113] 3 |+ 0.9] 0.4] L 
4593-..-|18 4.6/+36 23 |5.7| K3 jo.213] 4|— 6.4) 0.6/— 6.9) V 
4595...-|18 4.91+ 3 © |5.7| F4 Jo.205| 3 |— 16.6] 1.9/— 14.2] V 

Lal. 23516....|18 5.9/+43 33 Ki jo.o17] 4 |— 23.1] 1.1]....... 
4006....]18 8.1/-+31 23 [5.0] Ma jo.or8] 3 |+ 3.7) 1.4) V 

H.D. 167063....|18 8.5)/+33 15 |7-1| K6 |o.020} 3 
4609....]18 8.5/+54 15 Go |o.274| 4 |— 14.6] 1.3/— 16.8) V 
4618....{18 3 2 |6.1] G2 jo.274] [-+- 1.5] 1.0]....... 
4623....|18 13.3|+64 22 |5.0) F2 jo.346) 3 |— 35.5] 0.7/— 35.7] L 

BG.C. 8485 Br.. |18 14.7/— 8 2 |6.6| F2]..... 3 |— 49.6] 0.4]....... 
4038. ...|18 16.1]— 2 55 |3.4| G8 |o. 898} 3 10.2} 1.4/+ 9.6) L,B 

BG.C. 8507 Br..|18 16.9/+27 29 |7.1| Gr |.....]| 3 19.0} 1.3]....... 
4647....|18 17.6]/+51 18 |6.2} Kr jo.062) 3 |— 10.4) 2.4]....... 

Lal, 33888... 18 18.0\+ 7 9 |7.6| jo.or2] 3 |— 31.3] 1.9]....... 
4056....|18 19.4/+21 43 |3-9| Ku jo.324] 3 |— 55.6] 2.0/— 57.0) L, B,C 
Lal. 34058. ...|18 19.9|+43 53 |8.2| G8 jo.ocor] 4 1.5] 1.0}....... 
Lal. 33996....|18 20.3/+ 9 41 |7-9] K3 |o.o16) 3 |— 16.4) 1.6)....... 
C 2421....]18 21.6/+ 8 34 |8.5| Go jo.47 | 3 |— 24.9] 2.5]....... 
H.D. 169957. ...|18 22.0/+ 8 2 [8.9] G2 jo.151] 3 |+ 41.2] 2.9)....... 
BGC. 8568 Br.. 18 22.7|+ 6 29 |9.0} As |jo.110) 3 |— 35.0} 1.6)....... 
C 2423....]18 23.9/+46 1 |8.3] Go jo.398] 4 |— 86.5] 1.7]....... 

H.D. 170615....|18 25.3/+44 11 |7.7| K3 jo.o14] 3 |— 29.3] 0.5]....... 

H.D. 170780. ...|18 26.1/-+ 8 1 |7.6| Ma jo.o29] 3 |— 22.4] 1.2]....... 
4688....|18 26.3/-+59 29 |6.5| G8 3 |— 9.1] 0.4]....... 
4701....|18 28.6/+23 33 |6.0} K4 jo.o11] 4 |— 3.8) 1.2]....... 
4711....|18 32.71+52 16 [5.41 G7 3 19.9] 2.0)....... 
4721....|18 33.0/+33 23 |5.5| Bo jo.024] 7 |— 27.6] 1.7/— 29.3] O 

BGC. 8679....1%8 3 16.5] Gol..... 

C 2448....|18 34.4/+28 51 [8.2] Gs jo.47 | 3 [+ 28.4] 1.2]....... 

4723 Br.. 18 34.5|/+63 37 |8.1] F7 |o.254| 7 |— 11.5] 2.14]....... 

BG.C. 8734 Br..|18 37.1]/+31 28 |8.8) Kz jo.82 | 3 |+ 
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TABLE I—Continued 
| | | | 
STAR | a1goo 6 1900 | m Sp. | No.| | PE. 
| | | | 
| km km | 
1° Ag lo%031| 7 |+ 18.5|#3.4 
BG.C. 8798 Br..}18 41.7/+59 29 |8.8| Mb |2.307! 5 ro 
BG.C. 8798 Ft..|18 41.7/+59 29 Mb |2.307/ 3 |+ 8.0} 3.2 
zal. 34958. ...|18 44.1]—10 29 |7.9| K2 jo.o5 | 5 |— 53.4] 1.5] 
4787....|18 49.3)/+52 51 6| G8 285) 3 |+ 2.8) I. 2| 
| 
451%... 8 52 1\+48 44 I5 F2 jo.143} 3 |— 11.0} 1.8 
C 2475....|18 53.1\+ 5 48 lo 8| Ma |1 247} 3 | + 19.3] 1.7 
Lal. 35518. ...|18 56.2/+18 20 |8.0| G7 |o.017| 4 |— 23.6] 1.9 
4840 B. {18 57-6/— o 51 |8.5| G5 3 = 23.0) 2.2 
4852 Ft..|18 59.7|— 4 11 |7 | .5 10.037] 6 |— 58.5) 2.8 
4860 1g 1.2/-+31 36 |5.8] Ks jo.085] 5 |+ 6.8] 1.1 
C 2492....]19 2.2/+ 7 29 |9.5| jo.812) 5 |+ 12.2) 2.7]. 
4863....]19 2.2/+76 54 |6.5| F3 |o.080) 3 |— 27.8] 1.3 
BG.C. 9043 Br.. |19 2.6|+22 1 s| F3 3 
BG.C. 9116 AB.|19 8.0/+16 41 |6.4) Bg |o.030) 5 |— 18.3) 2.0 
BG.C. g116C...|19 8 o|+16 41 |7.6| GO 0.243) 5 + 37.6) 0.9 
BG.C. 9136 Br..:19 10.0/+18 54 \7-9 F7 |o.031) 3 |— 8.3] 
4915....|19 13-3/—15 43 |6.3| K3 ]o.285| 4 |— 18.0] 1.4) 
4920..../19 14.0/+40 49 |6.0) F4 4 |— 44.6) 1.3 
B.D.+41°3306....|19 28 |7.6) G8 |o.66 | 3 |—125.0| 2.6 
4937....139 17.2|— © 27 G8 jo.051| 4 |— 10.4| 
Lal. 36491....|19 17.6|—10 54 o| Ro|.....| 3 |— 44.6} 2.6 
4958....|19 20.8/+43 12 |6.0| G5 |o.046| 3 |+ 3.1| 1.7 
BG.C. 9319....|19 22.5|+27 7 |7.8| Fo |... 3|— 1.8 
4955. 20.4/—28 13 Go 4 42.5) 2:2] 
4987....|19 96. 45 |5.4| B8 4 |— 13.6 
BG.C. 9381....|19 27.2/+17 34 |8.4| Gr jo.127| 3 |— 58.2| 0.7 
BG.C. g4o1 Br..|19 28.9|+20 12 |7.4| A7 Jo.057| 8 |— 52.1] 2.2 
§005....|19 31-7|/+51 5.8} F6 jo.205| 3 |+ 0.7] 1.1 
5009. . IQ 32 29 \4 Gog |1.840} 4 |+ 29.8) 1.4 
} | 
5014....|19 33.8) +49 59 4.6 F2 249] 4 |— 26 4| 0.7 
119 35-01-10 3I Ki 56.0] 0.7 
5031....|19 37-8\+45 17 |5.0) F4 5 |— 20.2) 1.4 
5033---.|19 37-9| +11 35 |5.6| F5 3 |— 27-0) 2.3 
5038....]19 39.2/-+50 17 (0.4) G3 204] 3 28.0) 0.9 
BG.C. 9569 Br.. |19 99.8426 54 6.6 Go jo.062) 3 |— 8.4) 1.5). 
5043....|19 40.4|/+41 32 K6 |o.017| 3 |— 40.4) 1.2 
5045.-.-]19 40.7/+37 7 G7 ]o.076] 3 |— 26.1] 0.8 
BG.C. g602....]19 41.8/+33 22 |8.5| K4 |o.433| 4 |+ 6.5] 1.5 
5049....|19 42 46 Ki |o.o12| 3 |— 18.1} 0.7 
5051 Br..|19 42.6|/+33 30 |5 F6 = 1.4] 0.8 
5051 Ft..|19 42.6|+33 30 |8.1| K4 |o.452| 4 |+ 1.2| 1.4 
BG.C, 9650 Br..}19 45.0/+35 4 8| F4 lo. 119 6 |— 27.2] 2.2 
5075....|19 48.1/+52 44 |5.2| K5 Jo.072) 3 |— 16.5) 1.! 
§002.... 3.71— 8 50 K4 |o.022} 3 |— 49.0/#1.5 
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THE RADIAL VELOCITIES OF 1013 STARS I7I 
TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 5 1900 m Sp. m No. v P.E. 
v Auth. 
km km km 
5083... 46’ |5.5| Oes 4 |— 
5093....|19 50.4/+ 6 |3.9] G8 |o.484] 5 |— 41.1] 1.0]/— 39.5] L, B,C 
5102....|19 52.3|/+38 13 B6 6 |— 30.8) 1.2/— 33.8 L,O 
5119....|19 54.4/—10 13 |5.9| F8 Jo.488) 4 |+ 22.6) 1.8)....... 

C 2607..../19 55.5|—12 31 |7.6| F6 jo. 504) 3 |— 15. 
5143...-|19 59.3/+ 7 © |5.6| G8 jo.025 
5149....|20 32 |5.4| Ma 3 |— 34.6) 
5156....|20 2.6/+23 20 |5.1} B3 lo.008 6|— 4.6] 2.5|— 12.0] V 
5157....|20 2.6/+35 42 |5.5| G8 jo.496) 3 |— 35.1] 0.9]------- 

B.D.+36°3883....|20 3.7/+36 17 |7.1| Ma ].....| 4 |— 15.4] 1.0}......- 
5166....|20 4.6|—36 21 |5.3} K3 |1.626) 3 |—131.6) 1.3)—130 L 
5168....|20 5.5|+20 37 |8.7| G8 lo 
5169....|20 §.5|+20 37 |6.3] F2 lo 40:51 
5176....|20 6.9/—12 55 |5.9| F4 lo. 269 

BG.C. 9979 Br..|20 6.9/+43 38 |7.5| G5 | 

B.D.+15°4089....|20 8.2/+15 47 |7-6| F6 |o.016) 3 |+ 4.7] 1.3).-----. 

5184....|20 9.9|/+61 47 |5.7| JO. 3 |— 15.1] 0.3/— 17.9] V 

B G.C. 10044 Br..|20 11.0]+52 49 |7.2| lo.179 
5196....]20 11.9]+21 17 |6.2| Kui [0.031] 3 |— 
5201 12.5/+24 22 |5.4| G7 jo.027| 3 |+ 17.9) 1.6)....... 
5229. 20 18.6|+39 56 |2.3| Goplo.o03} 3 |— 5.9} 1.0/— 5.6 P,m, L, B 
523%. 20 19.2/+40 42 |6.1| K6 |0.054) 3 |+ 1.1] 2.0)....... 
5255. 20 25.3/+30 2 4.1 F6 4 |— 18.0] 1.5|/— 19.2} L,B 
5250. 20 25.5|—15 23 |6.2| G2 lo.073 36.0) 

C 2662 20 26.7|+45 35 |6 5| K2 |o.173] 3 |— 30-7] ©.9]------- 
5263.. 20 26.9|/—I10 12 . 8| G3 
5270.. 20 29.3/+56 26 |6.3| K4 0.021 
5280... .|20 30.4|/+72 12 |6.4| K4 |o.025| 4 |— 42.3} 1-0)— 43-9 

B.D.+5°4570 ..../20 33-7/+ 5 18 F4 |o.90 | 4 |— 15.0] 2.4].-..--. 
§299....|20 34.0) +12 58 |0.1 K2 |0.020) 4 |— 17.1] 1.4|/— 13.1 

C 2672....|20 34.2/—24 8 |6.3| G8 lo.658 SOM 
5304....|20 34.3/+ 9 44 15.2 G2 lo. 315 10 |— 50.4, 1.1/— 52.5) B 

C 2673....|20 34.4/+42 29 |7.1| F6 jo.197| 5 |+ 0.9}...---- 
5306... ..120 34.4/—18 29 |5.3| Ma |o.035| 3 |— 12.3} 0.7]. 

C 2676....|20 34.6/+ 4 37 |8.4| Ks jo.844) 8 |— 42.9 

C 2682....|20 36.2/+19 34 |6.4| G3 |o.337| 3 |— 37-5) 1-5|------- 

B.D.+109°4489. ...|20 37.6|/+19 30 |7.5| Ki jo.009] 3 |+ 12.9} 0.8)....... 

Lal. 40126. ...|20 41.1/+31 25 |8.0} Ka 3 |— 12.1] 
BG.C. 10504 Br..|20 41.5|/+15 32 |7-5| G8 jo.121| 4 |— 25.1} 0.8)....... 
G.C. 10504 Ft..|20 41.5|+15 32 |8.2| G6 jo.100] 3 |— 28.6) 1.3)....... 

5334. ---|20 2.0 +15 40 5-5| jo 195 4|- 7-3 6 LBC 
5335: - -|20 2.0/+15 40 |4.5| Ki 0.207) 3 |— 5-6) 1.3)) 
5344.---|20 42.9/+57 13 |4-6| F8 Jo.241) 3 |— 27.5 0.8|— 31.2| L,B 
5304..../20 46.1|— 6 0 |6.0} F5 |o.0go} 3 |— 26.6) 1.3)...--. 
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TABLE I—Continued 
OTHER DETERMINATIONS 
STAR a 1900 5 1900 m Sp. “ No. v PE 
Auth. 
km km km 
5385... 20’ |5.4) Ko Jo%023} 3 |— 8.0/+o0.8/— 11.2] V 

C 2707..../20 51.3/+61 48 |8.6} Ma Jo.77 | 3 8.4] 2.3]....... 
5388... 11 {5.6} Ko |o.040) 3 |— 27.2] 1.0/— 26.3] V 

C 2712..../20 53.1/+42 30 17.9] Go Jo. 284] 3 |— 18.9] 0.6]....... 
Lal. 40627. ...|20 53.1/+48 48 |6.0) Go ]..... 4 \— 14.2] 1.8]....... 

B.D.+69°1136. ...}20 53.6|+69 34 {7.8} Go |o.020) 3 |+ 10.1] o.g....... 
5309 C... 20 54.11+ 3 55 |7-4| F2 jo.191| 3 9.0] 2.0)....... 
§409..../20 55.9/+18 56 |6.2} Ma Jo.075| 3 |— 14.4] 1.5]....... 
20 58.8/+31 57 |7.2| K4 3 |— 8.2] 1.4]....... 

C 2727..../20 59.1/+45 29 |7.9| K2 |o.403} 3 |— 11.6} 2.9). 

C 2732....|21 0.4/+ 6 41 |8.9| K7 |o.553] 3 |— 65.1] 2.4]....... 
5433----|21 2.4/+38 15 |5.0) K7 |5.267] 5 |— 65.5) 9.3/\_6.. | 1 
5434....|21 2.4/+38 15 K8 |5.153| 5 |— 62.3] °3° 

Lal. 41058....}21  4.9]+32 22 |8.1] Ko Jo.023} 3 |— 24.0) 2.7]....... 
BG.C, 10792 N.. 21 §.9/+19 33 |8.5| Ag Jo.038) 3 |— 18.9] 2.7]....... 
BGC. 10792 5.9/+19 33 |8.1| F2 |o.038] 3 |— 21.6) 1.2/....... 

2753....]21 8.8/+73 18 |8.6) Ko 3 10.3] 1.6]....... 
5457.... 21 10.2/—15 35 {5-5} Mb 7 |— 38.3] 1.6]....... 

C 2757..../21 11.4/—39 15 Ma 3 |+ 23 2.2/-+ 13 L 
Lal. 41378....]21 13.3|/+17 12 |7-7| F3 |o.037] 3 |— 1.8] 2.6]....... 
Lal. 41391... .}21 13.8/+17 18 |7.6] Ki Jo.022/ 3 |+ 5.3] 1.6]....... 
Lal. 41405. .../21 13.9/+17 34 |7.2| F4 jo.016} 3 |+ 8.5] 0.4]....... 

5472. ...|21 14.2/-+55 23 [6.2] K2 |o.024) 3 |— 20.0} 0o.9/— 18.4] V 
§476....12% 4 §9 |6.0| G7 jo.020] 3 |— 5.5] o.8]....... 
5482..../21 16.6/-+23 26 {5.8} Go jo. 253} 3 |— 88.3] 1.6)....... 
5490..../21 17.6/— 9 45 |6.2} K4 |o.050) 3 |+ 13.4] 0.5]....... 
Lal. 41576..../21 18.4)+16 4 |7.6] K4 |o.022) 3 |— 67.4] o.g}....... 
2783....|21 21.4/+ © 41 |6.4] F4 Jo.186) 3 10.4] 2.2]....... 
5519..../21 23.9/+31 47 |5-7| Fo |o.134) 3 |— 25.2) 25.2] V 

C 2790..../21 24.5|—12 56 |9.4] K6 |1.052| 3 |— 86.2] 2.0]....... 

C 2794..../21 25.3/+11 50 {7-7} |o.180) 5 |— 23.5) 2.1)....... 
5523 25.8/+46 6 |5.3} Gg jo.114] 4 |— 17.4] 1.1]....... 

i 21 20.0/-+45 27 |7-9| G8 |o.56 | 3 |— 83.2) 0.7]....... 

B.D.+45°3506....|21 26.8/+46 6 [8.3| Fo]..... 62.4) 
BG.C, 11051 Br..|21 28.4/+20 16 F6]..... 
BG.C. 11051 Ft..|21 28.4/+20 16 |8.0} F7 ]..... 0:6] 

B.D.+67°1324....|21 30.0/+67 56 |8.7| K2 3 |— 19.9] 1.6]....... 

5543----|21 30.21+45 9 |4.2| G5 |o.099] 3 |+ 7.0] o.g/+ 7.0] L,B 
Lal. 42193. .../21 33.8/+32 41 |7.6| G8 |o.045| 3 |+ 0.9]....... 
5500..../21 34.5|/+ 1 48 [5.3] Ko |o.088} 3 |— 34.1) 1.2/— 34.9 

B.D.+30°4496....|21 35.1/+31 5 [8.2] F8 3 |— 27.8 

C 2816..../21 36.6/+26 18 |7.4| G4 |o.355| 4 |— 41.0 
5509..../21 37.1/+ © 50 |5.8) K2 5 10.7] 1.7]....... 
5584..../21 39.3/+ 9 25 [2.5] Ko |o.025) 3 |+ 6.1] 0.2/+ 5.3] 7 

C 2823..../21 39.7/+24 53 |9-1| Ko |o.65 | 3 |— 
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TABLE I—Continued 
| | OTHER DETERMINATIONS 
STAR a 1goo 5 1900 | m | Sp. | No. 0 P.E l 
| | | Auth, 
km km km : 
5587 1h39™71-+ 28°17’ |4.7| F5 jo7370] 3 |+ 18.8] L 
21 40.9/— 9 44 10.2 Mb 0.016] 4 |+ 21.3] 1.5 
5002. . 41.8/+25 6 5) Kr jo.148} 4 |— 44.4] 1.9 
Lal. 42026 40.5|+32 12 |8.6| Ko | 19.0) 2.2] | 
B.1).+-064° 1596 21 47.21+64 46 17.9] Mb Jo.o10] 4 |+ 4.9] 1.9) 
| 
Lal. 42655. .../21 47.3/+31 27 |7.5| K4 jo.o29] 3 |— 11.3] 1.5] 
5632....|/21 49.7/+55 44 |6.9| G4 |o.028| 4 |— 14.4] 2.9] 
5638. 51.4/+53 28 |6 Fo jo.172} 4 3.7) 1.1] 
5§639....|/21 51.5|+56 8 16.0] B8 |o.009] 5 |— 19.8] 1.3] 
5045. ..-|21 53.2|—21 40 |6.2) Mb Jo.o15| 3 |+ 3.7] 1.6) 
| | 
C 2857 53.4/+ 3 18 17.1] Go Jo. 308] 4 |+ 24.1] 1.0} 
5658. . 21 56. 2/+12 38 |5.7| F3 0.077) 5 |+ 6.5] 1.6)... 
5674. . 22 0.6/+ 4 34 |4.9| KO 4 |— 19.5] 1.5/— 15.7) L 
5677 22 0.9/+64 8 ]0.5| F7 3 |— 6.3] 4.5] L 
5082 22: 1.8/+82 23 |7.1] FO 5 |— 22.7] 0O.9]..... 
s6g1.. 22 2.7|+18 59 |5.8} lo 126) 3 | — 
5004 22 3.81+58 21 |6.3) GO jo.030) 3 |— 10.9] 2.5 
5707 22 4 46 |6.1| Gg |o.063} 4 |— 17.6] 1.3 
5711 22 +15 33 Ko 3 |+ 11.4] 1 
5721 22 8.2/+56 21 [5.4] FO jo.270) 3 |— 22.1] 1.5/— 18.8] V 
| | 
5723 22 8.4/+69 38 |5.5| F2 4 |+ 1.2] 0.4] V 
5724 22 §.4/+34 7 15.4) K2 ]o.047/ 3 |— 5.1) O.1]/— 8.7] V 
5730 g.1/+28 7 |6.0] KZ jo.045] 4 |— 18.4] 0.9 
5741 22 r1.1/+72 49 |0.1| GS 3 1.5 | 
e745 22 11.6/— 9 32 |6.1| KB 3 |+ 12.6] 0.6 
| 
3746 22 11.6/+37 15 |4.2| K3 jo.020]) 3 |— 8.5} 0o.7/— 7.4] L, B 
575 22 13.6/—13 45 10.1} Gog |0.074) 3 30.5 1.5) 
5772 22 18.8]+20 21 |0.1| jo. 338] 7 |— 24.1] 1.0] 
5751 22 21.1)—17 15 Gi 
5782 22 21.1/—17 15 |0.4| Gr |o.225} 4 |— 6.7] 0.9}. 
| | | | | 
5786. ...|22 21.51+ 3 53 15.8] F7 5 |— 18.2] 1.2).......] 
5790....|22 22.8i+ 4 12 14.9] Ko jo.325] 4 |+ 53-7] r.6/+ 54.7) L 
Lal. 43876. ...|22 23.4/+106 45 |7.5} Ko jo.o17] 3 |— 39.8] 0.7]..... | 
5790... ./22 23.9/+64 37 |5-7| Bi jo.o11| 6 |— 14.1) 1.4| 
8 G.C. 11761 Br..|22 24.4/+57 11 |9.3| Mb |!0.87 | 4 23.0) 2.4) 
57909...-|22 24.7|—13 26 |6 F2 jo.18:1/ 3 |— 11.2 
5800. .../22 24.9/+ 3 55 Fu jo.141| 4 |+ og V 
5804..../22 25.41/+47 12 14.6] Kaplo.o21] 3 |— 10. 6| 1.6/— 11.0] L, B 
B.D.+75°832....|22 27.11+75 43 |7.9| Ki jo.oog| 3 |— 12 9| 38] 
5822....|22 30.1|—24 30 |6.0} Ko |o.010) 4 |— 2.5} 2.1] 
§2 Gt | @i— 7-4] 8-7 
31.4/+00 19 |7.1| F2 
5636. ....|22 33. 7 15-2| 7 3-0] 0-9) 
BG.C. 11873....|/22 34.4/+43 47 |0.9| Fo |o. 241] 4 19.6] 1.4 
5847....|22 34.9] +19 10 A2 jo.o1g] 3 |— 12.3)#2.6 


‘pipe 
: 
: 
2 
ay 
3 
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B G.C. 12990 
5995 
6000 


C 3054....] 


= C 3059....| 
602... 
6020....| 
Lal. 45883... . 
B.D.+43°4402....| 
6042....| 

Lal. 46051... .| 
6048....| 
6049....| 
B.D.+73°1042.... 


C 3093.... 
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. JOY 


| | 
| 
| @ 5 1900 m Sp. No 
km | 
1'|6.6| G4 4 |— 10.5 
22 39.6/+38 56 G8 jo.0o16) 3 |— 22.4] 
22 40.6/+18 50 5| G8 |o.o60] 4 |— 21.0} 
22 41.7/+11 40 |4.3] F5 3 8.8] 
41 2 |4.1| G7 |o.060] 4 3.2 
| | 
[22 42.7|— 4 45 |7.1| G3 jo.354) 5 |— 23.1] 
22 42.7/— 4 45 |7.0 G4 jo. 354) 5 |— 25.4! 
22 460.4/+13 26 |8.0} K2 |o.474) 3 |— 1.2! 
22 49.4/— 7 44 K3 3 i+ 9.5] 
22 49.5}—16 48 |5.7| K3 Jo. 234] 5 |— 35 
22 50.0/— 5§ 31 |6.0) G8 Jo.o18} 4 8 
22 52.0/+49 12 |5.1| K2 lo 5 |— 7.8) 
22 5 21 |6.4| G6 [0.023] 8.2] 
22 52.6/+20 14 |5.6| G4 Jo 210] 3 |— 32.8] 
22 55-01-23 4 |7.7| K4 lo 899} 4 |+ 17.1] 
| 

22 55.1/+68 29 |8 Ko |0.66 | 3 25 
22 55.5|— © 21 |6.4| G3 jo.038} 3 |— 16.3] 
22 55-9} +50 25 |5.5| 009] 3 50.2 
22 7 36 |6.4) K5 jo.027} 3 |— 1.6 
23. 3-2/+48 45 |5.8] jo.194] 3 |— 1.3 
23 4 2 48 |8.3) K4 lo. $87 4|— 40.4 
23 7.0\+26 18 |6.4| G7 jo. 228) 11.3 
123 9g 28 Is. 3| |0.557| 4 |— 32-3 
23 I1.Q/—14 22 |8.2| As 4 |+ 
12.1|+52 40 |5.6) F8 jo. 270) 5 24.8 
| 

23 13.8/+ 4 52 |g.0} Ka [0.492| 3 |— 13.8 
23 13.9/—-14 |7.6| Ka2 jo.314] 5 |+ 8.5 
23 5|+67 34 |5.0| G7 |o.060) 3 20.4 
23 15.0/+28 19 |8.8} Kr [0.66 | 3 |— 50.4 
23 15-0/+47 50 |6.4) Ku Jo. 206) 3 23.1) 

| 
23 16.8/+43 33 6} Ko 3 |+ 
123. 17.8i-+-20 1 |6.6] Gr jo. 3201 3 |— 22.69 
18.9/+31 59 |0.5| Fo jo.233| 6 |+ 9.7 
123 20.0} +31 50 |5.5| Bog jo.005] 4 |+ 19.7] 
23 21.0) +52 20 |6.9| Mb 3 1+ 4.2] 
| | | | 

23 21.8/+ 42 Az jo.124) 3 4.1 
123 21.8)+44 47 |7.4| Gi |o.4607| 3 |— 1.8 
123 34 [6.4 G7 0.055| 3 |— 12.8 
23 22.0|+43 19 |8.0| K2 3 |— 13.8 
123 24.4/— 5 5§ jo. 283) 5 |— 24.5 

23 25.8/+43 25 |8 1| Ko 0.009] 3 |+ 8.8 
23 20.41— 4 38 jo.247] 4 |— 11.6 
23 26.4/+38 41 |5.3) Gg 294] 3 57.1 
23 29.3/+73 40 |8.0} G8 jo.013) 3 |— 23.3 
23 30.4/+30 27 |6.7/ Gr jo.589) 3 |—103.4 
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STAR PE. = 
4 | 
km | km - 
5072. 1.4/— 22.6] V 
5.3] L, 8, 
5875... °.7|— 3-8) L, B,C 
| 
5881 B. 
5802... 
| 
BOOT 
| 
- 7.8) L 
SQIS..-- 
| 
| 
| 
C 3028.... 
5074..-. 
5077 Br. 
BGL. 12274... F 
5000... 
Br. | 
It. | 
— 17.8) L,B 
oe eee | 
| 
2.5)... 
| | | | 
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TABLE I—Continued 


OrHER DETERMINATIONS 
STAR a 1900 5 1900 m Sp. u No. D P.E. 
v Auth. 
km km km 
C 3006. 18.0] G5 |o"702] 5 |— 24.7/#1.5]....... 
6077... .|23 34.8|+ 5 5 |4.3] F4 jo.574) 3 2.1) 0.5/+ 5.6) L,B 
6078... ./23 35-21+77 4 |3-4| Kr Jo.169) 3 |— 40.4] 0.9/— 41.6] 5 
B.D.+74°1033. ...|23 35-6/+75 12 |7.2| F2 3 |+ 0.1] 2.4]....... 
B.D.+74°1034....|23 36.9/+75 2 |8.0| Gg |o.028) 3 |— 4.0} 1.8]....... 
6097... .123 39-9/+55 15 [6.6] G6 jo.029] 3 |+ 8.2] 0.3]....... 
_ 6109... .|23 43-4)— 6 56 6.3 Kr jo.026] 3 24.7] ©.4].....:. 
C 3124..../23 44.0/+ 1 52 |8.7| Ma |1.393] 4 |— 63.1] 2.5]....... 
C 3126..../23 44.9/+ 2 19 |8.4} G8 4 |— 26.3] 2.0)....... 
6124. +123 47.2 +77 3 16.5) F2 0.278) 
6125....123 47.3/+21 7 |6.3| Ma 0.055) 3|— 4-4] 1.3]------- 
6127... .|23 47.4/+18 34 |5.2| Ma |o.047| 4 
B.D.+73°1066....|23 51.4/+73 35 |8.2]| 0.020} 4 |— 49.5] I.3].-.---- 
6150. .../23 52.7;+24 35 [4.8] Ma jo.o56) 4 |— 2.9] 1.3/— 4.6) L 
6I51....|23 53-0/ +49 53 |6.8] G4 0.245] 5 
C 3143....|23 53-5|+46 10 |9.5| Ma |o.64 | 3 
Lal. 47019... .|23 54.2/+26 43 |8.3| Go |.. 13 |— 30-4] 0.6]....... 
C 3146 123 54.3|—20 35 |7 4) G5 |o 4 /+ 21.8| 
6158! 123 54.4|/+33 10 |6.6| Go 106] 3 8.6) V 
| | | 
61587... .|23 54.41+33 10 |6.6| lo. 106 3 5.2) 2.21— 5.71, V,O 
6172 50.9|/+26 33 8} G3 291 5 |— 32.6] 2.11— 34 
C 3162 | 23 59.71+34 6 |6.2| Gi 766 3 |+ 3.8| 


No. 18; H.D., the Henry Draper Catalogue, and 8 G.C., Burnham’s 
General Catalogue of Double Stars. The magnitudes are Harvard 
visual magnitudes and the spectral types are from the Mount 
Wilson determinations. Successive columns in the table then 
give the total proper motion, the number of spectrograms, the mean 
radial velocity, and the probable error of the mean as derived from 
the formula referred to above. The abbreviations used to indicate 
the results obtained at other observatories conform to those adopted 
by Voite in his First Catalogue of Radial Velocities and are as 


follows: 
A Allegheny m McMillan 
B Bonn O Ottawa 
C Cape P Potsdam 
D Detroit V Victoria 


L Lick Y Yerkes 
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Many observers have shared in the work of securing spectro- 
grams of the long list of stars in the catalogue, and we are indebted 
to numerous members of the Computing Division for assistance in 
measuring and reducing the negatives. We wish to express our 
appreciation especially to Messrs. Strémberg, Monk, and Hoge, and 
to Miss Burwell, Miss Brayton, and Miss Shumway, of the Com- 
puting Division. 

Mount WILson OBSERVATORY 

November 1922 
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ON THE VISUAL AND PHOTOGRAPHIC ALBEDO 
OF THE EARTH 


By K. R. RAMANATHAN 


ABSTRACT 


The visual and photographic albedo of the earth——This subject, previously treated 
by H. N. Russell and C. G. Abbot, is here discussed afresh in the light of Luckiesh’s 
recent measurements of the visual brightness of earth-areas as seen from an aeroplane 
and Raman’s theory of the color of the sea as originating from the molecular scattering 
of light in deep water. The effects of molecular scattering by the atmosphere and the 
sea are considered in detail with reference to the spectral distribution of the scattered 
light. The computed visual albedo comes out to be 0.46, and the photographic 0.58, 
in close agreement with the astronomical values 0.45 and 0.6 respectively. 


INTRODUCTION 


A valuable discussion of the photometric measures of the 
albedo of the earth was put forward by H. N. Russell,’ who came to 
the conclusion that the visual albedo of the earth according to 
Bond’s definition, as deduced from Very’s observations of earth- 
shine on the moon, was 0.45 and the photographic albedo was 0.6. 
Further, Abbot? from radiation measurements and a consideration 
of the physical characteristics of the earth, has computed the 
total energy albedo to be 0.37. The difference between the visual 
and photographic albedoes is considerable and it has been sug- 
gested that this is due to the fact that a part of the light diffused 
out by the earth arises from the molecular scattering of light in 
the earth’s atmosphere. Since the publication of the papers referred 
to, two investigations have appeared which make it desirable to 
consider the problem of the earth’s albedo afresh. Luckiesh' 
has published observations made during aeroplane flights of the 
visual albedo of different kinds of landscape and also inland and 
oceanic waters. Then again, Abbot, in his discussion of the albedo 
of water-covered areas, considered only the reflection of light at the 
surface of the liquid. In reality, we have also to consider the 
important part arising from the diffusion of light entering the water. 
A theory of the color of the sea as being due to the molecular scatter- 

* Astrophysical Journal, 43, 173, 1916. 


2 Annals of the Smithsonian Astrophysical Observatory, 2, 161-163. 
3 Astrophysical Journal, 49, 108, 1919. 
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178 K. R. RAMANATHAN 
ing of light in deep ocean water has been put forward by C. V. 
Raman,’ who has also pointed out the importance of the contribu- 
tion which the scattered light from the sea would make to the albedo 
of the earth. In this paper, it is proposed to discuss the problem of 
the albedo, taking into account the spectral distribution of the 
molecular scattered light from the atmosphere and the sea. 

We may divide the light going out of the earth into space as 
arising in the following ways: 

1. Light molecularly scattered from the atmosphere above the 
region of dust; 

2. Light scattered by the clouds; 

3. Light scattered from the unclouded portions of the earth 
in the lower dusty regions of the atmosphere; 

4. Light diffusely reflected from the earth’s surface including 
the oceans. 

Of these, the light molecularly scattered from the atmosphere and 
the sea would be richer in the shorter wave-lengths, and hence, on the 
aggregate, the returning light would be bluer than the incident. 


LIGHT MOLECULARLY SCATTERED FROM THE ATMOSPHERE 
ABOVE THE REGION OF DUST 

The discussions by F. E. Fowle? and L. V. King? of the extensive 
measurements of atmospheric transparency made by the Smith- 
sonian Observatory have shown that in the region of wave-lengths 
shorter than 0.69 yu the loss of light on a clear day above the Mount 
Wilson level (1730 meters) could be accounted for almost entirely 
by the molecular scattering of light by the atmosphere. The 
selective absorption exercised by the oxygen and water-vapor 
lies entirely in the region of wave-lengths longer than 0.70 w and 
hence outside the visual and photographic regions. We shall take 
Mount Wilson level to be the upper limit of the region of dust. 
Abbot has given a table of intensities of energy in the normal solar 
spectrum outside the earth’s atmosphere. From these and the 
values of the yearly mean dry-air transmission coefficients at Mount 

t Proceedings of the Royal Society, A, 101, 64, 1922. See also Molecular Diffraction 
of Light, published by the Calcutta University Press, 1922. 

2 Astrophysical Journal, 38, 393, 1913. 

3 Philosophical Transactions of the Royal Society, A, 212, 375, 1913. 

4 Except for a possible small selective absorption between 0.51 uw and 0.65 u. 
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Wilson,’ we can determine graphically, from the areas of the energy 
wave-lengths curve, the percentage of light lost in transmission in 
different regions of the spectrum. Between 0.45 and 0.68 u 
which we may take to be the effective visual region, I find the per- 
centage of energy lost on normal transmission to be 10, and, in the 
region between 0.35 uw and 0.45 u which we may take to be the 
effective photographic region, the percentage is 24. We have now 
to consider the actual loss that occurs, taking into account the facts 
that at a large portion of the earth’s surface the light is incident 
obliquely and that, on the average, a portion of the atmosphere 
above Mount Wilson level is always clouded. At the place where 
the sun’s rays meet the earth at an angle 7, the transmission coeffi- 
cient is a*°' where a denotes the same quantity for normal inci- 
dence. The quantity of light falling on the surface of a sphere of 
radius r between the angles 7 and i+di is 


amr? I sini cosi di, 
where J is the intensity of the incident light. The amount of light 


transmitted in the same range is this quantity multiplied by a**‘, 
and this, taken over the whole sphere is 


2 
if sin i cosi di. (1) 
° 


The integral does not seem to be capable of being easily evaluated; 
instead, it was done by graphical integration and the total loss 
in the visual region was found to be 17 per cent and in the photo- 
graphic region 38 per cent. Assuming that half this amount would 
be reflected back to space, we get 8.5 per cent to be the visual, 
and 1g per cent to be the photographic albedo of the atmosphere 
above Mount Wilson, if it were entirely unclouded. Actually, 
however, according to Abbot,’ about 60 per cent of the earth’s 
cloudiness is above Mount Wilson level and since, on the average, 
52 per cent of the earth’s surface is always clouded, 31 per cent of 
the skies above Mount Wilson will be always covered by clouds. 
The distribution of clouds with height as given in Humphreys’ 
Physics of the Air’ is as follows: 

1. Cirrus level—height above surface about 10 km 

2. Cirro-stratus level—height above surface about 8 km 


t Fowle, Smithsonian Miscellaneous Collections, 69, No. 3. 2P, 309. 
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. Alto-cumulus level—-height above surface about 4 km 
. Cumulus level—height above surface about 1.5 km 
. Fog-level—ground 

Of these, the first two would be comparatively thin and would 
transmit a large portion of the light. We may take the average 
cloud-height above Mount Wilson to be 53 km, corresponding to a 
level at which the pressure is half the sea-level pressure. ‘Thus, 
the albedo due to the molecular scattering of the atmosphere above 
the dust-level would be as is shown in Table I. 


mn W 


TABLE I 


| 
Visual Photographic 
From cloudless portion.......... | 0.69X8.5 0.69 X19 
From clouded portion........... 0.3138 
| 7.5 per cent 17 per cent 


We have assumed the fraction scattered from the clouded portion 
to be less than that from the unclouded, in the ratio of the pressure 
above the average higher cloud-level to the pressure at Mount 
Wilson. We have also neglected the scattering due to the moisture 
in the dustless region. 


LIGHT REFLECTED FROM THE CLOUDS 
According to Abbot’s energy-measurements and Luckiesh’s 
photometric observations, we shall take the average reflecting power 
of clouds to be 65 per cent. Since the average cloudiness of the 
earth is 52 per cent, we get, for the percentage of light reflected 
back from the clouds, the values given in Table II. 


TABLE II 


VISUAL | PHOTOGRAPHIC 
Percentage Percentage Percentage Percentage 
Incident Reflected Incident Reflected 


From higher clouds |roo— #3 X8.5/0.31 X95 X0.65 100— X 19/0. 31 X88.6 Xo. 65 


(average level 5.5 km) =95 =19.1 = 88.6 =17.9 
From lower clouds} 100—8.5 |o.21Xg1.5X |o.21X81X0.65 
(average level 1.7 km) =9Q1.5 0.65=12.5 =81 


| | 
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Very little need be allowed from this for loss in transmission 
upward, for the diminution is due to scattering, and the scattered 
light would either go up or again get reflected from the clouds. 


LIGHT SCATTERED FROM THE LOWER ATMOSPHERE 


The light reflected from the lower atmosphere below the Mount 
Wilson level can be calculated as follows. From Abbot’s data‘ 
for the mean coefficients of normal atmospheric transmission at 
Mount Wilson and Washington, the percentage of energy lost 
between the levels of the two stations is calculated for different 
wave-lengths, and an energy wave-length curve constructed with 
these data. From the area of the curve, it is found that in the region 
0.45 u-0.68 w, 14 per cent of the energy is lost, and practically the 
same percentage between 0.35 wand o.45 4. Assuming 20 per cent 
of this to be absorbed and half the remainder to be sent to earth 
and the other half back, we get 6 per cent to be the ratio of the light 
reflected back at normal incidence. Taking into account the 
fact that at a considerable portion of the earth the light is incident 
obliquely and that only 48 per cent of the earth is unclouded, the 
contribution of the lower atmosphere comes out to be nearly 4.5 
per cent. 

The above estimates agree very well with the careful visual 
photometric measurements of Kimball,? who found a mean trans- 
mission coefficient of 0.77 in clear weather, corresponding to the 
estimate here made of a loss of 10 per cent above Mount Wilson 
and 14 per cent below it. 


LIGHT REFLECTED FROM THE EARTH’S SURFACE 


Since more than three-fourths of the earth’s surface is covered 
by seas, the most important contribution of the albedo from the 
surface of the earth would come from them. ‘The deep blue color 
of the ocean waters has been explained by C. V. Raman! as originat- 
ing from the molecular scattering of light within the water. The 
fraction of the incident energy scattered by unit volume of a homo- 


* Astrophysical Journal, 34, 203, 1911. 
2 Monthly Weather Review, 43, 650, 1914; also H. N. Russell’s article, loc. cit. 
3 Proceedings of the Royal Society, A, 101, 64, 1922. 
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geneous fluid like water is, for the most part, given by the Einstein- 
a Smoluchowski expression 

8x3 RTB 
27 


(u?—1)*(u?+2)?, (2) 


where 6 is the isothermal compressibility of the medium, yu its 

refractive index, V the Avogadro constant and \ the wave-length 

of the incident light. Rand 7 have their usual meanings in kinetic 

theory. Since the amount of scattered light varies inversely as the 
: fourth power of the wave-length, we can easily see why the blue 
: end of the spectrum should predominate in the light returning from 
the water. ‘Two other factors go to make the scattered light even a 
richer blue: one is the greater absorption in water of the red and 
yellow regions of the spectrum, and the other is an addition, to the 
light scattered in accordance with (2), of some unpolarized light 
which is greater in the violet end of the spectrum.’ In his paper, 
Raman has given a table of the luminosity of deep ocean water for 
different wave-lengths in terms of the luminosity of a layer of dust- 
free air one kilometer thick when viewed transversely to the inci- 
dent light. In calculating these values, he made use of the absorp- 


7 tion coefficients of water obtained by Count Aufsess. Recently, 
a W. H. Martin? has obtained fresh values for the absorption 
4 coefficients with pure, dust-free water, and Table III gives Raman’s 
- revised values for the luminosity of ocean water in terms of that of 


an atmosphere of dust-free air which would give an equal effect 


by lateral scattering. 
TABLE III 


LUMINOSITY OF OCEAN WATER 


Wave-Length in 


| | | 
©.590 | 0.578 | 0.546 | 0.499 | 0.436 


Equivalent atmospheres of dust- 


Confining ourselves to the region 0.45 to 0.68 yw, the fraction 
of incident light scattered comes out to be 0.06. Luckiesh’s direct 


*C. V. Raman, Molecular Scattering of Light, p. 55. 
2 Journal of Physical Chemisiry, May, 1922. 
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determination of the “reflecting”? power of the Atlantic, as meas- 
ured from an aeroplane, gave an average value of 3.5 percent. The 
difference is no doubt to be attributed to the fact that, in the 
above calculation, the absorption coefficient has been assumed to 
be equal to that of dust-free distilled water. Luckiesh makes it 
clear that go per cent of the light returning from the sea as viewed 
normally, is due to light diffused within it. The foregoing estimate 
refers to direct overhead observation. In an oblique direction, 
the molecular scattering would give rise to a greater luminosity, as 
a more extensive surface layer of water would come into operation, 
and, indeed Luckiesh has noticed that the brightness increases more 
than twice when the sea-surface is viewed at an angle of 45°. 

Besides the molecular scattering, there is also the specular 
reflection to be taken into account, which would give rise to a 
reflection factor of about 3 per cent. 

On the whole, we may put 8 per cent to be the fraction coming 
back from the ocean waters. As regards land areas, Luckiesh 
has obtained the following reflection factors for some typical 
surfaces: fields, 7.2 per cent; barren lands, 12.0 per cent; woods, 
4.3 per cent. A snow-covered surface is known to reflect about 
75 per cent of the incident light, but almost the whole of the snow- 
covered areas of the earth are near the poles, where only a small 
fraction of the sun’s energy is received and where, moreover, a large 
part of the incident light would have been scattered by the atmos- 
phere before reaching the earth. We may take, without much error, 
12 per cent to be the average reflecting power of the land areas of 
the earth. ‘Thus, the percentage of light scattered from the earth’s 
surface in the visual region would come to be nearly 0.80(? X8+ 
1X12), Le., 7.2. Of this, allowing 30 per cent for loss on trans- 
mission through the atmosphere and remembering that only 48 
per cent of the earth’s surface is unclouded, we get 2.5 per cent to 
be the contribution of the surface of the earth to the visual albedo. 

As regards the photographic albedo, the scattered light from the 
sea would contribute much more. An examination of Table III 
would show the enormous concentration of energy in the violet end 
of the spectrum. In the near ultra-violet, the light scattered from 
the sea is likely to be even stronger, since the absorption coefficient 
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of water gets smaller and smaller as we go to the region of shorter 
wave-lengths. But against this, it has to be said that the presence 
of motes would tend to increase the absorption. We have previ- 
ously estimated the photographic albedo of the sky above Mount 
Wilson to be 0.19, and, from ‘Table II, it is evident that we shall 
not be far wrong if we take the fraction of the incident energy scat- 
tered by the sea to be 0.30. With the usual allowance for the loss 
of energy of the incident and reflected rays on transmission through 
the atmosphere and the fact that a portion of the earth’s surface is 
clouded, we get the photographic albedo due to the sea to be nearly 
6 per cent. ‘The land areas would contribute practically nothing 
to the photographic albedo except the snowy regions near the 
poles, whose effect may come to about 1 per cent. Thus, the 
aggregate photographic albedo due to the surface of the earth would 
come to nearly 7 per cent. 

SUMMARY 

TABLE IV 


Visual | Photographic 
Per Cent | Per Cent 

Light scattered from the gases of the| 

atmosphere above the dust level... ... 17 
Light reflected from the clouds. ........ $1.6 29.0 
Light scattered from the lower atmos-| 

Light reflected from the surface of the} 

earth including the oceans........... 2.5 | 7.0 


The visual and photographic albedoes obtained above agree 
very well with the astronomical value 0.45 and 0.6. Considering 
the uncertainties in the estimation of the earth’s albedo factors and 
the difficulties of photometric measurement of the earth-shine on 
the moon, the agreement is actually better than could have been 
anticipated. 

In conclusion, I have great pleasure in expressing my thanks to 
Professor C. V. Raman for his suggestion of the problem and interest 
in the progress of the work. 


UNIVERSITY COLLEGE, RANGOON 
August 5, 1922 
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SERIES OF MULTIPLE LINES WITH FOURFOLD 
RYDBERG CONSTANT IN THE SPECTRUM 
OF POTASSIUM 


By KNUD AAGE NISSEN 
ABSTRACT 


Series of multiple lines with fourfold Rydberg constant in the spectrum of potassium.— 
Of the lines measured by McLennan, Schillinger, and Nelthorpe, sixty-four between 
1873 and A 4608 have been arranged in one diffuse subordinate series, (2p) —(md), 
and in several sharp subordinate series, (2p.)—(ms’), (2p,)—(ms"’), (2p.) —(ms’”), 
(2p-)—(ms’), and (2p2)—(ms"). When reduced to international vacuum wave- 
numbers, the observed values, and those computed by Ritz formulae, agree within one 
unit on the average. These results are but the framework necessary to an exhaustive 
analysis of the ‘ground spectrum” of potassium. They support the Sommerfeld sug- 
gestion that there is a relationship between the spark spectrum of an alkali and the 
arc spectrum of the inert gas with atomic number one less, and should help in resolving 
the spectrum of argon into series of multiple lines. 

For the work of resolving the spectra of argon and the heavier 
monatomic gases into series,’ it would be helpful to know as much 
as possible of the series with fourfold Rydberg constant in the 
spectra of the alkali metals. When the admirable work of Professor 
J. C. McLennan’ on the “ground spectrum” of potassium appeared, 
it was therein “proposed to make an analysis of the frequencies of 
the wave-lengths recorded in these tables and of the additional 
ones given by Schillinger in order to see if... . parallelism 
[with the spectrum of argon] can be established numerically.” 
If, therefore, the series relations given below form part of the 
results attained by him the priority rests unreservedly with the 
observer who recorded the supplementary wave-lengths necessary 
to the series work in question, that is, with Professor J. C. McLennan. 

In reducing the wave-lengths \ to vacuum wave-numbers vr of 
the international system, it has been taken for granted that Mc- 
Lennan’s wave-lengths? (marked L) refer to the Rowland standards, 
as is certainly the case with those due to Schillinger? (marked S). 


The correction to international units* has, therefore, been applied 
t See the author’s note: “Series of Multiple Lines in the Spectrum of Argon,” 
Physikalische Zeitschrift, 21, 25-28, 1920. 
2 Proceedings Royal Society London, A, 100, 182, 1921. 
3 Wiener Berichte, 118 II A, 266, 1909. 
4See H. Kayser, Handbuch der Spectroskopie, 6, 891, 1912. 
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to all the wave-lengths used (with exception of those due to Nel- 
thorpe,*” which are marked NV). In reducing to vacuum values, 
the tables of the Bureau of Standards? have been used. The small 
correction from 20° C. (Rowland) to 15° C. (International) has no 
influence on wave-lengths of less than seven figures. 

In Table I is given a “sharp (or second) subordinate series” of 
multiple lines with fourfold Rydberg constant. 

TABLE I 


| 2px m=1.5 m=2.5 m=3.5 
L2077.9 X $4186.39 X L2105.45 1 
76418.38 v 45111 .4 23881.11 47452 .03 
ms 124530.2 §2537-7 28936.8 
r L2122.0I1V S4018 .26 I L2062.05 II 
3 77418 .40 v 47111.8 24880 .32 48481 .32 
ms 124530.2 52538.08 28937 
4 78722.1 45808 .1 26184.39 
\ms 124530.2 52537-7 
L2231.67 Il S3676.16 I 
79733-30 jv 44790 .85 27195 .71 
| ms 124530.21 52537.05 
124530.2 | 52537 .6 28937.0 
Calculated, msj...}.......... 124530.21 § 2538.05 28937 .08 
Observed, msj....|........ wae | 124530.2 52538.08 28937 .08 
Obs. —calc...... ° +0.03 ° 
| | 


W. Ritz’s formula‘ has been used for the series (2/,)—(ms’). 
We find: 


X109737.2 
v=77418.40—ms';— ms’= 131 


(m+s’+o'(ms’) )? 


s’=0. 399985 ; 


The two series (2p.) —(ms’) and (2p,) —(ms’) have been used as 
stepping-stones to another series relation. They form the three pairs: 


48111.4 23881.11 47482.03 
999.6 999. 21 999. 29 
47111.8 24880. 32 48481. 32 


t Edgar H: Nelthorpe, Astrophysical Journal, 41, 16, 1919. 

2 Scientific Paper No. 327 (1918) of the Bureau of Standards, Washington. 

3 The correction varies from —o.0018 A (for \ 2000) to +0.0004 A (for X 10,000). 

4W. Ritz, Theorie der Seriens pektren, Dissertation Gottingen, 1903; Physikalische 
Zeitschrift., 4, 406-408, 1903; Annalen der Physik, 12, 264-310, 1903. 
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and the lines \ $2379.6 I and \ £2324. 33 III form a pair: 


42012.39 
999.10 
43011.49 


belonging to the column m=1.5 of a series system (2p,)—(ms’’) 
given below in Table II. The linking up of the two systems through 
parallel columns, m=1.5, is shown in Table III. 


TABLE II 


y 2p, m=1.5 m=2.5 mM=3.5 
L2280.05 III N4104.2 VII 
ims" 119430.79 
L2315.221V S3095.23 [V L2089.8— VI 
76250.10 43180.69 25023.71 47837 .5° 
119430.79 51226.39 28412.60 
g. 77418 .40 <p 42012.39 
Mean value of ms”’|............. 119430.79 51225.64 28412 .60 
Observed, msé’...|............ 119430.79 51226.39 28412 .60 
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Walter Ritz’s formula has been used for the series (2/,) —(ms’’) 
with 2p,=76250.10 calculated from 2p,=2p,;=77418.40 (and 2p;= 
2p2=70419.—). We find: 

)?’ 
o”’=—1.488891 X 1077. 


v=76250.10—(ms"’) ; ms" = s’’=0.434900 ; 


In connection with Table V below a combination with 2), is given. 


TABLE III 


2pz m=1.5 
S§2261.8 —I L2027.8 —I 
ms” 119430.79 124530.4 
L2324.33 III L2077.9—X 
| ms” 119430.79 124530.7 
52379.6 —I L2122.0—IV 
119430.79 124530.2 
[A S2614.2 —I L2306.58 III 
\ms 119430.79 124530.7 
S2690.5—I L2365.8—II 
82272.6— 4» 37158.2— 2257.6 
(ms”" 119430.79 124530.2 
L3189.0 —V L2742.8—IlI 
(ms 119430.79 124530.4 
{A 53440. 50 III L2926.8—I 
119430.79 124530.7— 
Mean value of ms” 119430.79 124530.5 


As will be seen, tables I, II, and III have two terms 2p in 
common; e€.g., and 2p, = 2p, = 2pc = 77418.40, 
while tables II and III in addition to this have two other terms 
2p in common, namely, 2/; = 2pp =81188.3 and 2p; = =82272.6. 
The term 2f,=76250.10 is, in the first place, secured by the series 
relation stated above, in the second place by the combination 
given below in connection with Table V. The terms, 2/,, 2),, 
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2Pa, 2Pa, have each an alternative value 
to the one assumed here. To determine the real values requires 
additional evidence. As a natural point of attack the terms 2, 
and 2p, with difference 15.7 have been chosen. They enter as 
2pg and 2p, into a system of sharp (or second) subordinate series 


in Table IV. 
TABLE IV 


u 2Pu m=1.5 m=2.5 m=3.5 
Sso0o05.52 II L2309.0 (0) 
72074.5 19973.12 43296 .98 
$2144.61 S4223.15 V L2127.251V 
{y 40615 .27 23673 .23 46005 .57 
(ms 122390.2 52101 .67 28779 .33 
122390.2 52101.4 28778 .4 
122390.2 §2103.19 28779.33 


In using W. Ritz’s formula for the series (2p,) —(ms’’’) we find: 


4X 109737.2 
= —1.240454X 107". 


The terms and 2p4=2p,=75774.9 are 
accordingly to be accepted as tested values. 

A system of diffuse (or first) subordinate series has been found, 
and its principal features are indicated in Table V. 

As before, W. Ritz’s formula was used. For the series 2p, —md 
we find: 


__4X109737-2_ 
v=62429.08—md ; md (m-+-d-+8(md) 


5= —4.637279X10~°. 


d=0.001614 ; 


For argon, the author’ has shown that there is a system of dif- 


fuse (or first) subordinate series with 6=—1.360133X10~°. 


The series system in Table V is supported by the combination 


t Loc. cit. 
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2p.—4d = 76250.10 — 29377.34 =40872.76. The line \ L2132.8— III 
has Pyac. int. = 40873.10. 

The series relations shown in tables I-V above are but the 
framework necessary to an exhaustive analysis of the ‘ground 


TABLE V 


2p. m=3 m=4 m=5 m=6 m=7 
TE S2257.9 Ligg9.211| 11873.3— 11 
62429.08 jv |...... ..| 33051.74 442760.50 50005 .25 53305 
29377 -34 18152.40 12423 .83 9063 .87 
| md 20377 -34 18152.31 ‘ wen 
Mean values, md... 20377 .34 18152.41 12423 .68 9063.27 
Calculated, mdu.. see | 29378 .43 18152.50 12423.84 9062.47 
Observed, md::. ? | 29377-34 18152.49 12423 .83 9063 .87 
? | —1.09 —0o.01 +1.40 


spectrum” of potassium. As they stand, they support the view 
that there is a relationship between this ‘“‘ground spectrum” and 
the spectra of the inert gases with their characteristic “series of 
multiple lines.” 
COPENHAGEN 
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CONTRIBUTIONS AND NOTES 


ABSORPTION OF POTASSIUM VAPOR AT HIGH TEMPER- 
ATURES, AND ITS BEARING ON THE SELECTION 
PRINCIPLE OF QUANTUM THEORY 
ABSTRACT 

In the course of an investigation on the optical properties of non-luminous potas- 
sium vapor, it was found that at high temperatures, about 950° C., potassium vapor 
absorbs AA 4641, 4642, the first members of the combination series (1s—3d). 

In the course of their investigations on the optical properties of 
non-luminous potassium vapor, the authors found that at about 
950° C., the absorption spectrum of potassium vapor consists of a 
fine dark line at about 4640 A, which phenomenon was embodied 
in a short note sent to the Philosophical Magazine, May 3, 1922, 
and which will be shortly published. 

Subsequent experiments conducted by the authors in this labora- 
tory confirmed that this line was 4641, and 4642, the first members 
of the combination series (1s-3d). This point, along with the 
others observed at higher temperatures, was mentioned in a note on 
the absorption of potassium vapor in the associated series submitted 
to Nature on July 20. 

From all these experiments it is beyond doubt that 4641 and 
4042 are absorbed at higher temperatures (Fig. 1). 
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According to the Bohr-Sommerfield theory of spectral emis- 
sion, the spectral lines are emitted as the electron changes its 
habitat from one orbit to another of less energy, the rotational 
quantum number corresponding to the initial and final orbits 
changing only by 1, 0, or —1, according to Rubinowicz. In 
the case of the combination series (1s-3d), the quantum number 
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changes by two units. Thus the presence of this line in the forego- 
ing spectrum of non-luminous potassium vapor strongly supports the 
views advanced by Messrs. Foote, Mohler, and Meggers in a 
short note on the significant exception to the principle of selection, 
Philosophical Magazine, April, 1922. 

This absorption experiment, together with the experiments of 
the foregoing authors, seems to prove conclusively that the method 
whereby the rotational quantum numbers have been assigned, re- 
quires reconsideration. 

A. L. NARAYAN AND D. GUNNAYYA 


MAHARAJAH’S COLLEGE, VIZIANAGRAM 
DEPARTMENT OF Puysics 
August 28, 1922 


Note.—While preparing this short note, Nature, July 8, which just reached 
us, contained a note by S. Datta, recording the same phenomenon. But these 
experiments and the experiments contained in the original note to the Pil. 
Mag., May 3, were conducted in this laboratory before Datta’s note appeared 
in Nature. We have thought it desirable to send it off for publication. 


ERRATA 
Vol. 55, June, 1922, “An Estimate of the Distance of the Andromeda 
Nebula,” by E. Oepik: 
Page 406, Abstract, line 9, for the mass within 150” of the center 
read the total mass of the nebula. 


Page 400, footnote 3, for 133 read 130. 
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